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Cable lasher appears to right of workman. As the cable and support- 
ing strand feed through, the machine rotates, binding them together 
with steel lashing wire. Meanwhile, a winch hauls the lashed cable 
into position. 


[risa job your telephone company faces every day. Thou- 
sands of miles of cable go up each year—all secured to steel 
strand running from pole to pole. The best way to secure 
cable is to lash it to the strand with a spiral binding of wire. 


One way to do this is to raise cable and strand sepa- 
rately, then lash them together by a rotating machine pulled 
along by workmen on the ground. This produces a strong, 
tight support for the cable. But each pole has to be climbed 
as many as four times. So Bell Laboratories engineers 
devised an easier way. 


Now, lashing can be done on the ground so that cable, 
strand and lashing wire may be pulled into position as a 
complete assembly. Usually workmen need make only two 
trips up each pole. 


For telephone users, the new way means that cable can 
be installed faster, while costs are kept down. It shows 
again how work at Bell Telephone Laboratories improves 
each part of your telephone system. 


How would 


you 


hang cable 


Bell Telephone 
Laboratories 


IMPROVING TELEPHONE SERVICE FOR 
AMERICA PROVIDES CAREERS FOR CREATIVE 
MEN IN MECHANICAL ENGINEERING 
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The Pacifie Northwest 


P OWER, power, everywhere, but not a watt to sell. That is the 
peculiar situation in the Pacific Northwest, a region undergoing a power shortage 
although it is one of the nation’s greatest electricity producing areas. This situation 
has come about because of the rapid influx of great electrometallurgical industries 
into the area just as fast as the giant blocks of power became available; an influx so 
great, that within a few years the area has grown to where it now supplies nearly half 
of the country’s aluminum, and uses electrical energy at a rate exceeding 30 billion 
kilowatt hours per year, with a foreseeable demand requiring three times that much 
within the next ten years. 

That such a demand for power can be met from the region’s resources is well estab- 


lished; however, the program under which the necessary facilities are to be con- 
structed is not yet confirmed. Due to the magnitude of the undertaking, and the many 
interests involved other than power, the bulk of the program has of necessity fallen 
to the Federal Government, and has resulted in the creation of the Bonneville Power 
Administration as the marketing agent for all power produced by Federal facilities 
in the area. Much of this power, and that from private utilities and non-Federal public 
utilities, pours into a single system—the Northwest Power Pool, which binds together 
all the generating and transmitting facilities so as to serve an area running about 
1000 miles from east to west, and some 700 miles from north to south. 


How best to get more power, how best to allocate the uses of such power—these 
are problems of enormous import for the Pacific Northwest, and the Federal power 
policies in these matters are topics of continuous public interest, for the region realizes 
that here is the last stand of large-scale, low-cost hydroelectric energy; here is the 
vital “item” with which the area is to build new industry. What that industry will 
be, how it will change the area from dependence on forest-based products to an 
economy based on electro-produced products, and how it will affect the individual 


(Continued on next page) 
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Editorial (continued) 


are so well visualized that the word “‘power’’ means much more to Pacific Northwest 
residents than to people in other sections. | 

The review of Electrochemistry in the Pacific Northwest, appearing in this issue, 
is an attempt to assess the present electrochemical industry, and to indicate the 
factors affecting the future, in the nation’s great green corner. 


— JOSEPH SCHULEIN 


The Astin Incident 


The unfortunate action of Secretary Weeks in demanding the resignation of Diree- 
tor Astin of the National Bureau of Standards was strongly condemned by the Society 
at its annual meeting, as described elsewhere in this issue. It is gratifying that this 
protest together with similar actions by other technical societies and the unanimous 
disapproval of an outraged engineering and scientific world led the Secretary to reverse 
his position and ask Dr. Astin to remain pending an investigation of the scientific 
facts in the case. This reversal and the denial by the Secretary that he intended to 
reflect upon the integrity of the Bureau or its director is welcome. It is to be feared, 
however, that the loss of public confidence in the Secretary will not be restored nor the 
damage done to the morale of government scientists and engineers repaired by this 
forced second thought. It is somewhat naive of the Secretary to assume as he does 
that it will be easy to find a qualified suecessor for Dr. Astin. 
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ELECTROCHEMISTRY IN 
THE PACIFIC NORTHWEST 


The growth of electrochemistry in the Pacifie Northwest 
parallels the development of the hydro resources of the area. 
Although there were some electrochemical plants operating in 
the area prior to 1940, the development of the original 
Federal hydro projects at Bonneville and Grand Coulee made 
available tremendous quantities of low cost energy just prior 
to World War II, and this situation greatly stimulated the 
growth of the electroprocess industries in the region. 

Due to the very large growth of industry and population in 
the Pacific Northwest during the war period and in subsequent 
years, the power generating facilities of the area have not 
kept pace with the increasing demands for energy. As the 
Federal government has assumed the major responsibility for 
vroviding the hydroelectric facilities in multipurpose projects 
on the Columbia River and its tributaries, and although new 

deral projects are under construction, as well as certain 

vjects by private utilities, the availability of large blocks 
power for new electrochemical plants depends on the 
mpletion rate of these new projects and other economic 

.ctors which will be treated in more detail later in this report. 
he major power use now in the area, of course, is in the 
production of primary aluminum. 


Aluminum 


Primary aluminum is produced by the Aluminum Company 
of America at Vancouver and Wenatchee, Washington; by 
the Reynolds Metals Company at Longview, Washington, 
and Troutdale, Oregon; and by the Kaiser Aluminum and 
Chemical Corporation at Spokane and Tacoma, Washington. 


ALuMiInuM CoMPANY oF AMERICA 


The Alcoa Pacifie Northwest operation includes the manu- 
facture of rod, wire, electrical conductor cable (aluminum 
cable, steel reinforeed, known as ACSR), sheet ingot, extru- 
sion ingot, and rod ingot, all’ produced at the Vancouver, 
Washington, plant in addition to the primary aluminum 
operation previously mentioned. 

Installed capacity for primary metal production at Van- 
couver is 170,000,000 Ib annually. The plant has prebaked 
‘ype pots only in five pot lines. While the capacity is the 
igure before given, the output is, however, dependent upon 
the availability of power. The plant has 133,700 kw on firm 
power contract and 45,000 kw on an interruptible basis, all 


such power being furnished by the Bonneville Power Ad- 
inistration. 


' Regional Editor, Pacific Northwest. Chemical Engineering 
epartnient, Oregon State College, Corvallis, Oregon. 
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The Wenatchee plant also has an installed production 
capacity of 170,000,000 lb annually, with the same depend- 
ence on power availability as a limit on actual output. This 
new installation has 120,000 kw on firm contract, such power 
being furnished by the Chelan County Utility District, and 
50,000 kw on an interruptible basis supplied by the Bonneville 
Power Administration. 

Combined production of the two plants during 1952 was 
approximately 182,500,000 lb of primary aluminum. The 
Vancouver plant lost approximately one-fourth of its pro- 
duction capacity for four months and an additional 10 per 
cent of its remaining production capacity for two months, 
during the past winter season (1952-53) due to power cut- 
backs resulting from a severe regional water shortage. The 
new Wenatchee works began primary metal production on a 
small scale in June 1952. Operations continued at about one- 
fourth of production capacity until December 1952 when the 
second of the present four pot lines was activated. This pot 
line had operated briefly earlier in the year. Actual power 
delivered to Alcoa for the fiscal year ending June 30, 1952, was: 
Vancouver, 1,479,768,269 kwhr, and Wenatchee, 3,132,000 
kwhr. 

Heavy January 1953 precipitation brought an end to the 
hydro power shortage at about midmonth, permitting re- 
sumption of full operation in January. The Wenatchee 
plant’s third pot line began producing metal the same month, 
and the fourth and final line was started in February 1953. 

The Vancouver Fabricating Works of Alcoa, situated in 
buildings adjoining the smelter, has the capacity to produce 
30,000,000 lb (aluminum weight) of electrical conductor 
cable (ACSR) annually. During 1952 the aluminum weight of 
electrical conductor, plus the weight of redraw rod shipped 
to other company plants and customers, totalled approxi- 
mately 41,800,000 lb. Shipments of customer ingot totalled 
41,400,000 Ib. 

Expected to go into operation in Vancouver this month will 
be a new facility which will have the capacity to produce 
approximately 6,000,000 lb per month of fabricating ingot. 
This product will take several forms: ingot for sheet; ingot for 
extrusion; and ingot for rolled rod. The product of this oper- 
ation will be used by Alcoa either at Vancouver or other 
plants, or will be sold to customers. 

The company does not produce any alumina in the North- 
west but ships it all in from their other operations. They have 
extensively tested the ferruginous bauxites of this area and 
are reported to have developed processes for producing 
alumina from such materials, which are on the verge of be- 
coming economic. 
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Fic. 1. Map of the Pacifie Northwest showing existing and proposed transmission systems, and existing, authorized, and pr 


posed dam and hydro developments. 


The company purchases about one-fourth of its raw 
materials (totalling approximately $14,000,000) in the Pacific 
Northwest. Plans for a substantial increase of cable-making 
capacity have been announced for Vancouver and construction 
is now underway on an expansion program estimated at 
$1,720,000. Work completion is scheduled for early 1954. 
The new facilities will be equipped to fabricate “expanded 
ACSR,” a newly developed product designed to carry high 
voltage transmission loads. Additional expansion, now under- 
way at an estimate of $2,700,000, calls for installation of ex- 
trusion presses for the production of strong alloy billets and 
extruded shapes in both strong and common alloys. Such 
alloy billets can be used for eventual production of rod, wire, 
and bar. The extruded shapes are to supply Pacifie North- 
west markets. 


ReyNoitps Metats Company 


The Reynolds Metals Company operates a prebaked elec- 
trode type plant at Troutdale, Oregon, and a Soderberg 
electrode type plant at Longview, Washington. The Troutdale 
plant is a duplicate of the Aleoa plant at Vancouver except 
that it has four pot lines rather than five, and was constructed 
by Aleoa for the government during the war. It was later 
leased by, and then sold to, Reynolds by the government. 
Reynolds’ Longview plant has recently had its capacity 
increased from 60,000,000 to approximately 100,000,000 Ib 
annually, assuming that power is available. Reynolds has 
202,100 kw on firm contract and 63,800 kw of interruptible 


power, all supplied by the Bonneville Power Administration 
It is understood that the company operates their pots on 

slightly different basis than Alcoa. On a basis of pow 
availability, it is estimated that annual production of bot 
plants, Troutdale and Longview, would be approximate 

260,000,000 Ib. Actual power deliveries for fiscal yea 
1951-52 were: Longview, 486,391,240 kwhr; and Troutdak 
1,358,422 548 kwhr. 

The total production is prima’y aluminum and the plants 
operate on alumina shipped into the area. No plans have bees 
announced for expansion of, or the integration of, either plavt 
with production facilities for fabricated aluminum. T) 
company’s total raw material purchases are approximately th 
same as those given for the Aluminum Company of Amene 
of which a somewhat smaller percentage is purchased in the 
Northwest than the figure given for Alcoa. 


Kaiser ALUMINUM AND CHEMICAL CoRPORATION 


The Kaiser Aluminum and Chemical Corporation ope! 
ates primary aluminum smelters at Tacoma and Meaé 
(Spokane), Washington. The Tacoma plant has a capacity 
approximately 60,000,000 Ib per year produced in So:lerbers 
type pots. An expansion project is just being complete: at *" 
estimated cost of $2,850,000 which will add more tha 
16,000,000 Ib to the annual production of the Tacom: prant 
Power is supplied by the Bonneville Power Admini-tratot 
and includes 50,000 kw of firm power and 17,000 kw of 2 
terruptible power. While the plant capacity at Ta: ™ * 
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proximately as above given, actual production has been 
nning “loser to two-thirds. 

The Mead plant operation at Spokane has a capacity of 
1,000,000 Ib of primary aluminum pig per year through the 
ration of eight pot lines, and is the largest single instal- 
tion in the Paeifie Northwest. Local purchases for this mill 
erage about $5,000,000 annually. 

The company operates a rolling mill at Trentwood 
pokane), Washington, which has a capacity of approxi- 
ately 360,000,000 Ib per year, and in itself takes the sizeable 
ad of 35,000 kw of firm power and 4000 kw of interruptible 
wer, all supplied by the Bonneville Power Administration. 
At the Trentwood works, some of the sheet and plate is 
.brieated into final products such as aluminum clapboard 
ouse siding, aluminum roofing, and aluminum shade screen. 
ther products are semifabricated, such as aluminum circles 
the pots and pans trade, and plate for aircraft structural 
members and other reinforcing purposes. This is the only 
‘ill in the Pacifie Northwest producing aluminum sheet and 
late. Local purchases for the Trentwood mill will also run 
pproximately $5,000,000 per year. Power deliveries for the 
hseal year 1951-52 were: Mead, 2,477,028,973 kwhr; Trent- 


Fie. 2. Largest of the federal multi- 
purpose dam projects in the Columbia 
river basin is Grand Coulee dam, com- 
ileted by the Bureau of Reclamation. In 
addition to providing irrigation for thou- 
inds of acres of arid land, the power 
plant has a generating capacity of over 
1,444,000 kw. Power from Grand Coulee 
flows to the industrial and load centers 
of western, central, and northeast Wash- 
ington and northern Idaho. 


wood (fabricating) 225,287,505 kwhr; and Tacoma, 441,662,- 
kwhr. 

At each of the operating plants of all the concerns before 
mentioned, the electrode carbon requirements have been 
enormous, since for each pound of aluminum produced ap- 
proximately two-thirds of a pound of carbon is consumed, 


Harvey Macutine Company 


| The Harvey Machine Company of Torrance, California, 
has signed contracts with the Bonneville Power Administra- 
tion for sufficient power for approximately 54,000,000 Ib 
annually of aluminum production in a plant to be built at 
The Dalles, Oregon. Construction is expected to be started 
during 1953. 

The Defense Production Administration has granted a 
cettificate of necessity to the Harvey Company permitting 
Harvey to write off 85 per cent of the cost of the new plant 
and facilities over a period of five years. The certificate 
involve. $65,250,000. 

The ompany has also purchased a government surplus 


PACIFIC NORTHWEST 


145C 


plant at Salem, Oregon, which had been constructed during 
the war in an attempt to produce alumina from clays of the 
area. The plant was never successful in producing such 
material in an economical manner, and it is presumed that 
Harvey’s processing will be somewhat different from that 
originally proposed when the plant was first constructed. 

It is understood that Harvey’s primary aluminum produc- 
tion will be mainly for their own use in California, and, there- 
fore, the same economic consideration in the production of 
alumina may not apply in full to their particular operation, 
especially since their smelter will be situated within a few 
miles of the dam and will be entitled to a preferential rate 
of 1.67 mills per kwhr (present base rate) as against the 
regular Bonneville power transmission line present base rate 
of 2 mills per kilowatt hour, which may thus help offset a 
part of the extra costs of producing alumina. It requires 
approximately 9 to 10 kwhr per pound to produce aluminum 
(over-all power). While no definite statement has been made 
at the time of this writing, it is thought that the Harvey 
smelter will utilize Soderberg type pots. Harvey is also 
planning a new rolling mill. 

All of the aluminum companies which have operated in the 


Northwest have experienced difficulties through pollution 
of the atmosphere with fluorine-containing compounds. The 
results of such pollution have been particularily noticeable in 
areas given over to dairy farming and have resulted in heavy 
damages being paid, both voluntarily and after law suits. 
Each of the now operating concerns mentioned has invested 
heavily in fume control devices. Such installations have cost 
an average of approximately $1,500,000 per plant and have 
added several hundreds of thousands of dollars to the annual 
operating costs. 

These installations have, in general, consisted of various 
types of hooding devices to enclose the pots and aid in col- 
lection of the fume, which is then blown through baffled 
water-spray towers. The equipment seems quite effective in 
removing the gaseous compounds, but does pass some of the 
finer particulates. 

Probably the efficiency of such fume control devices is now 
of the magnitude of 90 per cent, but whether or not this will be 
sufficient to protect the companies against further claims for 
damages in certain areas is a matter yet to be determined. 
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The public relations departments of these firms have done a 
remarkably good job in helping to overcome public prejudice 
arising through the air pollution problem, and any industry 
which has a fume problem and is contemplating establishing 
a plant in the Pacific Northwest would be well advised to have 
public relations counsel. 


Chlorine-Caustic Soda 
There are two important producers of chlorine-caustic 


soda and related products in the Pacific Northwest. As the 
demand for these chemicals has been built mainly by the 


pulp industry, they are among the oldest, established elec- 
trochemical industries in the area. 


PenN SALT MANUFACTURING CoMPANY 


The Pennsylvania Salt Manufacturing Company of Wash- 
ington, a wholly owned subsidiary of the Pennsylvania Salt 
Manufacturing Company, has long operated a chlorine- 
caustic plant at Tacoma, Washington, and since the early 
40’s has operated a second plant in Portland, Oregon. At 
Tacoma the principal products are chlorine and caustic soda, 
while the Portland plant produces chlorine, caustic soda, 
chlorates, DDT, insecticides, cleaners, and dry cleaning 
products. The company also produces some sodium hypo- 
chlorite, muriatic acid, and sodium arsenite. Statistics on the 
individual plants are not available, but for the combined 
operations the chlorine produced is approximately 7000 tons 
per year. Caustic soda production is approximately 4000 
tons per year, chlorate 4000 tons per year, insecticides 5000 
tons per year, and cleaners 2500 tons per year. The Tacoma 
plant operates on a firm power basis with power supplied by 
the Tacoma City Light Division, while the Portland plant is 
supplied by the Bonneville Power Administration and the 
Pacific Power and Light Company, with some power on an 
interruptible basis. The combined plant output of products 
has a total value of $15,000,000 per year and the company 
purchases approximately $1,650,000 worth of raw materials in 
the area (exclusive of power), and purchases approximately 
$1,850,000 worth of raw materials outside the area. 

The company has not announced any plans for expansion, 
but has recently purchased an additional 22 acres adjoining 
the Portland operation, which plant increased its capacity 
50 per cent in 1951 at an estimated cost of $6,000,000. 

The principal raw material, salt, is brought up from Cali- 
fornia where it is produced by solar evaporation. Other 
chemicals purchased outside are MCB and BHC, while the 


Ju ne 


principal purchases within the area are fuel oil, aleoly 
arsenic, and sulfuric acid. 


The plant operates a modified Vorce type of chlorine cell 


Hooker ELecrrocHeMicaL CoMPANY 


The Hooker operation at Tacoma consists of the producti 
of chlorine, caustic soda, anhydrous ammonia, trichlp 
ethylene, and perchlorethylene. While admitted capacities yp 
given only as “in excess of 300 tons per day of caustic soda ani 
chlorine,” it is estimated that actual production might be 


Fig. 3. Pennsylvania Salt Manuf 
turing Company, Portland, Oregon. Ship 
at Willamette River dock in background 
is used to store raw salt. 


closer to 360 tons of caustic and 310 tons of chlorine. The 
admitted production of ammonia is “in excess of 40 tons 
daily,” and it is estimated that the actual tonnage is probab)) 
close to 60. Muriatic acid tonnage is something over 10 tons 
per day. Hooker uses their own type cells. 

Power is supplied on a firm contract by the Tacoma Cit) 
Light Division, and it is anticipated that there will be 4 
future plant expansion completed before the end of 1953 

The Hooker plant at Tacoma produces approximately 3) 
per cent of the more than $40,000,000, which constitutes the 
total sales value of the products produced by the Hooker 
Electrochemical Company. 

The entry of this company into the production of anhydrous 
ammonia is of considerable interest since there is a possibility 
that a large use of such material will develop in the North 
west through the adoption of ammonia-base pulping by the 
pulp and paper industry. It is estimated that if such large. 
seale use actually develops there will be a demand for av 
hydrous ammonia to the extent of approximately 80 to 10) 
lb of ammonia per ton of pulp. Much of the hydrogen now 
being produced by the Pennsylvania Salt Manufacturing 
Company plant at Portland is being piped to the Portland 
Gas and Coke Company where it is used to enrich the Port 
land Gas supply. Whether this will be switched to ammoni* 
or whether the area will await the coming of natural 2% 
from Canadian sources has been a matter of much speculation 


Calcium Carbide; Ferro Silicon; Acetylene; Magnesium 


This group is listed together because of the overlapping 0 
such products as produced by the companies now operating 
in the area. 


Paciric CARBIDE AND ALLOYS CoMPANY 


The Pacific Carbide and Alloys Company operates » plant 
in Portland producing calcium carbide and acetylei The 
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hnt operates on a firm power contract of 2000 kw and has 
additional 3000 kw of interruptible power supplied by the 
nneville Power Administration. Annual production of cal- 
m carbide is approximately 12,000 tons per year and 
stylene runs approximately 6,000,000 ft? annually. The 
mpany buys approximately $350,000 worth of raw materials 
the Pacifie Northwest and about $50,000 worth outside the 
1. The total value of the products produced is in the 
ighborhood of $1,000,000. No plans for expansion have 
ren announced to this date. 


METALLURGICAL COMPANY 


The Electro Metallurgical Company, a division of Union 
arbide and Carbon Corporation, produces calcium carbide, 
rrosilicon, silicon, and ferromanganese in their Portland 
ant. No figures are available as to the exact amount of 
oduction, although the company reports it has recently 
ubled its capacity. 


NORTHWEST ALLOYS 


The Pacifie Northwest Alloys, Inc., operates a plant at 
wkane, Washington, which produces 75 per cent ferrosilicon 
,d magnesium metal. Power is supplied by the Bonneville 
ower Administration on a firm contract of 13,000 kw and an 
terruptible contract of 47,000 kw. Pacific Northwest’s 
pacity is 48,000,000 Ib of ferrosilicon and 42,000,000 Ib 
f magnesium, annually. The company purchases approxi- 
ately $950,000 worth of raw materials annually in the 
wcifie Northwest and ships in another $880,000 worth. 


ELecrro-Metats CoMPANY 


The Wenatchee division of the Keokuk Electro-Metals 
ompany produces ferrosilicon at Wenatchee, Washington. 
hile production statistics are not available it is known that 
he plant does not produce other products and is operated on 
frm power basis of 14,000 kw with an additional interrupt- 
le load of 7000 kw, furnished through the Bonneville 
Power Administration. 

No information is available concerning the operation of the 
phio Ferro Alloys Company at Tacoma. 


Silicon Carbide 


The Carborundum Company operates a plant at Van- 
uver, Washington, producing crude silicon carbide for 
brasive and refractory use. Practically all of the raw 
terials used are purchased in the Pacific Northwest with 
production running approximately 1000 tons per month. 
he firm has 10,000 kw of firm power on contract supplied by 
he Bonneville Power Administration. 

An expansion program now underway is expected to double 
he above capacity during 1953. 


Nickel 


The Hanna Coal and Ore Corporation and the Hanna 
ickel Smelting Company, both subsidiaries of the M. A. 
‘nna Company, Cleveland, Ohio, have contracted with the 
efense Materials Procurement Agency to produce nickel 
wm Nickel Mountain near Riddle, Douglas County, south- 
estern Oregon. The contract calls for the production of from 
»,000,000 to 124,000,000 Ib of nickel in ferronickel which will 
ontain at least 25 per cent nickel and not more than 75 per 
‘nt iron. The Hanna Coal and Ore Corporation is to develop 
he mine on Nickel Mountain at its own expense at a cost of 
pproximately $4,300,000. Ore from the deposit will be sold 
O the government at $6 per ton. In turn, the government will 
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sell the ore to the Hanna Nickel Smelting Company at the 
same price, and the smelting company will treat the ore in 
an electric furnace plant to produce the ferronickel. This 
plant will be located about two miles down the mountain 
from the mine and it is reported that it will consist of four 
primary furnaces, one refining furnace, and two auxiliary 
furnaces. Contracts have been signed for 65,000 kw of firm 
power, and 10,000 kw of interruptible power. 

The Hanna Smelting Company will use a patented process 
developed in France by the Societé D’Electro-Chimi, D’Elec- 
tro Metallurgie et des Acieries Electrique D’Ugine. This 
process has been used in treating New Caledonia ores which 
are quite similar to the Oregon material, both being a nickel 
silicate. The first 5,000,000 lb of nickel produced in the 
ferroalloy will be sold at 79.39 cents per pound, with the price 
dropping to 60.5 cents per pound thereafter. A rapid write 
off has been agreed upon and the government is advancing 
$24,800,000 for the construction of the smelter. The Bechtel 
Corporation of San Francisco has been engaged to handle the 
design, engineering, and construction of the nickel smelting 
plant. The Oregon deposit on Nickel Mountain is by far the 
largest deposit of nickel ore known in the United States. 


Phosphorus 


The availability of low cost power as an offset to higher 
cost rock, has brought three principal producers of phos- 
phorus into the Pacific Northwest area. 


Westvaco Drvision 


The Westvaco Division of the Food Machinery and Chemi- 
cal Corporation established the first electric furnace for 
phosphorus at Pocatello, Idaho, in 1949 and has added a 
furnace a year until they now operate four furnaces, with a 
combined capacity of 36,000 tons of phosphorus annually. 
Their power is supplied by the Idaho Power Company on 
both a firm and interruptible basis. Other products produced 
at Pocatello are ferrophosphate, slag, and precipitator dust. 
The phosphorus produced is shipped to other Westvaco 
plants at Carteret, New Jersey, Newark, California, and 
Lawrence, Kansas, the New Jersey plant being the largest. 
The Pocatello site provides Westvaco with power at an es- 
timated 2.5 mili rate with a 35-year supply of rock within 
easy distance. Shipment of phosphorus in special tank cars 
under water has proven quite feasible and is commonly 
carried on by all producers. Freight rates on the yellow 
phosphorus is high because of its hazardous nature; if the 
railroads cannot be persuaded to go along with a lower rate, 
it is possible that consideration will be given to the conversion 
of yellow phosphorus into red phosphorus before shipment. 


Monsanto CHEMICAL COMPANY 


The Monsanto Chemical Company reports that they are 
now operating, at Soda Springs, Idaho, the world’s largest 
known electric furnace, having a capacity of 25,000 tons of 
phosphorus per year. The ore is mined in the hills surrounding 
the southeastern Idaho plant and the phosphorus is shipped 
to Monsanto processing plants at Trenton, Michigan, Car- 
ondelet, Missouri, Monsanto, Illinois, and Anniston, Ala- 
bama. Power is supplied by the Utah Power and Light 
Company which completed a new transmission system last 
year. 

The company, which is the world’s largest producer of 
phosphorus, started the Soda Springs operation this year, and 
the company has announced that more furnaces may be 
installed at the same location. 
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Victor CHEMICAL COMPANY 


While not in the exact area intended to be covered by this 
report, the Victor Chemical Company cannot be neglected in 
the phosphorus picture, since they process the sizeable 
amount of 28,000 tons of phosphorus per year through two 
electric furnaces at Silver Bow, Montana. Power to Victor is 
supplied by the Bonneville Power Administration and comes 
mainly from the Hungry Horse Dam. Victor has four proc- 
essing plants located at Chicago Heights, Illinois, West 
Nashville, Tennessee, Morrisville, Pennsylvania, and the 
A. R. Maas Division at Southgate, California. 

Power requirements for the three producers probably do 
not vary much on a tonnage basis, and is estimated to be 
approximately 12,000 kwhr per ton. The Idaho, Montana, 
and Wyoming phosphate rock deposits, estimated at nearly 
8 billion tons, are the largest known reserves in the world, and 
apparently will be adequate for hundreds of years. Much of it is 
low grade, suitable only for electric furnace processing. 


Silumin 


The National Metallurgical Corporation of Chicago has 
started construction of a plant at Springfield, Oregon, for the 
manufacture of silumin (a silicon-aluminum alloy) from 
clays. The newly formed company, which is jointly owned by 
the Apex Smelting Company of Chicago and the American 
Smelting and Refining Company on a fifty-fifty basis, has 
contracted for 10,000 kw of power. Operation is expected 
sometime during 1953. The process will be similar to one 
worked out by TVA during the war and the product will be 
used as deoxidizing and reducing agents, and as a basic raw 
material for high-aluminum alloy castings. 


Miscellaneous 
Manganese Dioxide 


American Metallic Chemicals Corporation is producing 
electrolytic manganese dioxide in their Portland plant, which 
has a capacity of 20,000 Ib per day of battery grade dioxide. 
It is understood that the process used is the conventional hot 
electrolytic oxidation of manganese solution. It is reported 
that this concern is also to make electrolytic perborate under 
license from Noury Van der Lande N. V. Deventer, Holland, 
covering a process which has been operated in Europe for 
more than ten years. AMC has sole license rights in the 
United States and Canada for all operations other than 
Noury. 


Hydrogen Peroxide 


The Buffalo Electro-Chemical Company, a division of the 
Food Machinery and Chemical Corporation, is producing 
electrolytic hydrogen peroxide in a new plant at Vancouver, 
Washington. Since the company is one of two main producers 
of hydrogen peroxide in the country, details and statistics on 
their operations have not been made available. Power is 
supplied by the Clark County Public Utility District, the 
exact quantity again not being available. From the size of the 
plant, however, it is estimated that the production is ap- 
preciable. The Vancouver plant was built under a certificate 
of necessity authorizing accelerated amortization of 50 per 
cent. Hydrogen peroxide, Beeco’s principal product, is pro- 
duced in four commercial grades, 27.5 per cent, 35 per cent, 
50 per cent, and 90 per cent; it is presumed that Becco’s 
Vancouver location, in addition to the availability of power, 
was selected because of the increasing growth of the use of 
peroxide for bleaching ground-wood pulp. At the present time, 
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it is believed that much of the Vancouver output js }y 
diverted to military uses. 


Powdered Iron 


It is understood that the Tacoma Powdered Metal (, 
pany, Tacoma, Washington, is producing powdered iron, | 
no details are available. 


Smelters 


The principal smelters of the area are those of the Bunks 
Hill & Sullivan Mining Company, Kellogg, Idaho, opersti 
on lead-silver-zine ore, the Sullivan Mining Compan 
Wallace, Idaho, also producing zine, and the Tacoma, W» 
ington, smelter of the American Smelting and Refi 
Company, operating mainly on copper. 


Atomic Energy Installations 


The Atomic Energy Commission’s major plant for 4 
production of plutonium at Hanford, Washington, has bee 
substantial user of power supplied by the Bonneville Poy 
Administration. While exact figures covering this use by 
never been made public, it is probable that the power requir 
ment does not exceed approximately 900,000,000 kwhr | 
year. An expansion program now underway will undoubted 
materially increase the power demand. 

The AEC installation at Arco is supplied by the (ts 
Power and Light Company and the Idaho Power Compa: 
The load there, however, is relatively small and is not « 
pected to be substantially increased. 


Zirconium 


The Bureau of Mines Northwest Electro-Developme 
Laboratory at Albany, Oregon, is producing a high gr 
zirconium by methods based on processes developed by Dr 
William J. Kroll, of titanium fame. Exact production figure 
are not available but are estimated at more than 200 tu 
annually. The material has been going mainly to the AE 

The Pacific Northwest area, of course, has the usual con 
plement of small load users, and no attempt has been mad 
to include them in this article. 


Power 


During the winter of 1952-53 the Pacific Northwest « 
perienced a serious power shortage following a prolongs 
drought in the preceding summer and fall. This was desp! 
the fact that there has been an enormous expansion in th 
Columbia River Power System operated by the Fede 
Government, which has, in the last ten years, increased t! 
annual output of such power from 2.4 biliion to 18.6 billiot 
kwhr, so that it now represents approximately 61 per cent 
all the electric energy being used in the Pacifie Northwe 

The large increase in population of the area, nearly 33 
cent in the last decade, plus the relatively rapid buildup of t! 
electrochemical load, has called for much concerted study # 


to the proper development of the hydroelectric resources “ 


the region, especially important since the Pacifie Northwe 
has no oil, natural gas has not yet been brought to the ar 
and the coal resources are not too amenable to the producti! 
of low cost power. 

The Columbia River System is particularly acapted t 


hydroelectric power production. It drains an area of » quaré 

of a million square miles and has an extremely hig! ann 

runoff, involving steep drops, within a relatively ~!ort d 


tance, of clean water. Irrigation, navigation, flood co: trol, ant 
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eation «re all elements that enter into the development of 
river stem for power. Since such a vast river can be best 
eloped through the integrated operation of many power- 
storage dams, rather than through the operation of 
vidual and isolated units, the very size of the complete 
elopment project has placed it in the hands of the Federal 
ernment. As marketing agent for the energy produced at 
. Federal dams, the Bonnevile Power Administration plays 
vost vital role in the Pacifie Northwest power program, a 
» which, of necessity, places enormous power and re- 
sibilities upon its administrators. The policy it is allowed 
adopt will literally control the destiny of the Pacific 
rthwest. 
The Bonneville Power Administration sells only at whole- 
le to private and publicly owned utilities for distribution to 
sir customers, and markets at wholesale large blocks of 
wer to industrial customers and Federal establishments 
thin the area. In such operations, the Bonneville Adminis- 
ation builds, maintains, and operates a region-wide network 
transmission lines and related facilities. The Bonneville 
twork is the backbone of the Northwest Power Pool, which 
cludes non-Federal as well as Federal facilities, and em- 
aces the nation’s largest transmission system, a 5,445-mile 
stem designed to integrate the Federal plants with each 
her, and with other generating facilities in the region for the 
press purpose of: (@) making the fullest use of low cost 
droeleetrie power and increasing production through co- 
dinated operation; (b) maintaining reservoir levels at non- 
ederal generating plants by using surplus stream-flow en- 
yy; (c) keeping the output of higher cost thermal electric 
ergy to a minimum consistent with serving all loads; (d) 
mitting maximum use of the most efficient thermal plants 
hen thermal generation is necessary; (e) increasing the 
liability of service throughout the region by providing 
mergency connections between the Federal system and other 
tility systems. 
It is evident that the nation as a whole has as much at stake 
the future development of the Columbia River System as 
ns the Pacifie Northwest, since without the area’s low cost 
wer supply the many vital products produced in the area 
uld have been less plentiful and considerably more ex- 
usive in the United States during the past decade. The 
tomie Energy Commission’s production of plutonium has 
iso depended upon Columbia River Power. These materials 
ave provided additional jobs in manufacturing, transporta- 
in, and marketing for thousands of people all over the 
ation. 
The President’s Materials Policy Commission has estimated 
hat national power requirements will be 131 per cent larger 
1960 than in 1950. The Pacifie Northwest, with an antici- 
ated rate of population growth greatly exceeding the national 
verage, and with greater dependence on hydro electric 
uergy for industrial growth, will require a much larger 
oportionate expansion of such facilities than the country as 
whole. During the last ten years, the average annual increase 
i power requirements in the area has been 14 per cent, which is 
P a rate 55 per cent greater than the national average rate. 
Ne region's energy requirement may reach 80 billion kwhr 
y 1960, some 206 per cent more than in 1950. 
The growing dependence of industry in the Pacific North- 
est on power is shown by the fact that in 1940 manufactur- 
Ng plants purchased about 11,000 kwhr for each worker 
mployed, and in 1950, 37,000 kwhr. Among the factors re- 
ponsible for this trend are: (a) declining reliance on self- 
enerate’ power (as from wood waste) and switching to 
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Fic. 4. Tapping an electric furnace at the Pacific Carbide 
and Alloys Company, Portland, Oregon. 


purchased power; (b) technological advances requiring more 
energy, such as electrically operated saw mills and the hy- 
draulie barker in pulp mills; (c) establishment of new elec- 
troprocess industries, which, it is estimated, could alone 
absorb as much as 3,000,000 additional kilowatts of power in 
the next ten years. Last year these industries required 
1,400,000 kw, with an additional 270,000 kw committed to 
electroprocess plants under construction. These electroproc- 
ess industries accounted for 35 per cent of the total regional 
requirement for electricity. How the coming of such in- 
dustries to the Northwest will ultimately affect the area is, 
of course, a matter of speculation, but it is highly probable 
that their very presence will result in a much greater utiliza- 
tion of the complex and low grade materials of the region, as is 
illustrated by the Hanna development of nickel previously 
mentioned, and thus revive the area as a potent source of 
mineral wealth which has Jain untouched because of the lack of 
facilities for processing marginal deposits. This is particularly 
important in the area since the forest-based industries cannot 
possibly provide employment for the large number of people 
who are daily moving into the Pacific Northwest attracted 
by the favorable climate, topography, and recreational ad- 
vantages. 

The Pacific Northwest is an area which must be seen to 
be appreciated, and contains many contradictions. As an 
example, the state of Oregon embraces approximately 100,000 
square miles with a present population of about a million and 
a half. However, approximately one-third of these people 
live in the Portland area, and another third in the rich and 
fertile, but relatively small, Willamette Valley, which drifts 
southward from Portland, thus giving a state, which has some 
counties larger than the whole state of New Jersey, with only 
one metropolitan area. 

Likewise the state of Washington can be said to have only 
two such areas: that around Seattle-Tacoma, and that~ 
around Spokane, the area of Vancouver being more correctly 
counted with the Portland area, thus, the requirement for the 
unusually long and diverse transmission system with all its 
attendent problems. The Pacific Northwest, in only a few 
years, has become the most electrified part of the United 
States and it will require the utmost cooperation between the 
Federal and private utilities to install generating and storage 
facilities rapidly enough to meet the growing requirements. 
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Fig. 5. Ten giant generators, each with a capacity of over 
50,000 kw, at the Bonneville dam power house. 


Residential and rural service average use per customer in the 
area in the calendar year 1951 was 5205 kwhr, as against a 
U.S. total average of 2137 kwhr. Despite the vastly increased 
generating capacity that will be provided by the projects now 
under construction indications are that additional develop- 
ments must be immediately undertaken if the demands of 
the region and new industries are to be met. This will certainly 
require the construction of large multipurpose dams on the 
Columbia, which probably can only be undertaken by the 
‘ederal government. The development of facilities on the 
tributaries may, in many cases, be undertaken by the private 
utilities, possibly to the better development of the region if 
they are allowed to do so. 

Electric requirements have more than doubled every ten 
years, not only in the Northwest, but throughout the nation. 
This same rate of increase has necessarily applied to invest- 
ments in power plants and transmission lines. It is evident 
that the development of Columbia River Power at that pace 
is going to require such enormous funds in the future that 
serious consideration must be given to all plans for the de- 
velopment of the full potential of the region as to where the 
money is coming from. It may well be that a “elamp-down” 
by Congress on the spending spree of the last two decades 
will involve a putting off of the essential development of the 
river basin, so that the present proposed Federal program will 
have to be drastically modified. 

The principal electric power need of the Pacific Northwest 
is in the development of generating and storage facilities with 
enough rapidity to meet the growing requirements. Many 
factors must be considered in developing a responsible pro- 
gram to this end. Since only the construction of large multi- 
purpose dams on the Columbia and its tributaries will furnish 
a sufficient volume of power to meet the region’s needs, new 
capacity must be added, not only at a rate consistent with 
load growth, but at locations where it will support the new 
demands with a minimum of transmission, as well as having 
storage projects and run-of-river plants in such a combination 
that they complement each other, making possible the fullest 
use of the available water resources. While power supply is of 
the main interest to the electroprocess industries, the dams 
must be correlated with other purposes, such as flood control, 
navigation, and irrigation, in order to satisfy full regional 
demands. 

The Bonneville Power Administration, Bureau of Rec- 
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lamation, and Corps of Engineers have all cooperate; 

recommending the Federal program. Projects now yy, 
construction are Hungry Horse, Albeni Falls, McNary, 3 
Cliff, Lookout Point, Dexter, Chandler, Chief Joseph, Py 
sades, and The Dalles. The first increments of storag 

addition to Grand Coulee became available at Albenj j, 

and Hungry Horse in mid-1952, and by the end of the y. 
Hungry Horse was supplying 142,500 kw from its first 1, 
generators. During 1953 the first blocks of power yjlj | 
coming from Detroit and McNary dams, and in 1954 yj 
come the first power from Albeni Falls, Big Cliff, and Look 
Point; in 1955 from Dexter, Chandler, and Chief Joseph. 
1956 from Palisades; and in 1957 from The Dalles. 

Authorized projects, not currently under construction, y 
expected to bring additions to the area’s power supply in tly 
following order: Roza, (see map), American Falls, Ice Harly 
Libby, Hills Creek, Lower Monumental, Little Goose, Pri 
Rapids, Lower Granite, and John Day. Projects recommen. 
but not yet authorized are Upper Scriver Creek, Lowe 
Seriver Creek, Hell’s Canyon, and certain thermal plang 
According to this schedule, new facilities at Federal hyd 
electric projects would add more than 5,000,000 kw of prin 
power to the Federal Columbia River System in the next ts 
years under minimum hydroelectric conditions. 

In addition, the Bonneville plen proposes constructing 
400,000 kw of thermal electric plants und interconnecting thy 
existing transmission facilities with adjacent systems j 
California and Idaho. The purpose of the thermal elect: 
plants is to provide base energy at the time of limited strean 
flow, a plan which offers a relatively large addition to the 
system’s prime power with a small average power cost, ands 
materially decreased transmission cost due to the feasibility 
locating thermal plants near the load, which, of course, ca 
not be done with the hydropower since nature has place 
practically all such power east of the rugged Cascade Rang 
of mountains, while man has elected to locate, to a lam 
degree, west of that range. 

Mention was made before of the expansion of the Atom 
Energy Commission’s facilities at Hanford. How far thi 
expansion may go in the future is probably unknown event 
the AEC. There is no doubt, however, but that such expansw 
will require considerably more power, not only for the ope 
ation of the AEC installation, but also to serve the increasing 
population and service facilities which are rapidly building 
in that area. Ice Harbor is in a location to best serve suc! 
load, but until Ice Harbor, or equivalent facilities, are sup 
plied, the additional Hanford needs will require the refus! 
of equivalent service to other new loads in the region. 

The Columbia’s flow characteristics are such that th 
average high flow comes in the summer when power loads a 
lowest. The power system’s capability can only be sustaine! 
by constructing upstream reservoirs that will store water wher 
stream flows are high, for release during the winter to supp! 
ment low flows. Such dams, installed or proposed, are Hungry 
Horse, Albeni Falls, Grand Coulee, Libby, and Hell’s Canyo! 

Run-of-river projects with storage only for peaking purpo® 
are Bonneville, The Dalles, John Day, MeNary, Pne* 
Rapids, and Chief Joseph on the Columbia, and Ice Harber 
Lower Monumental, Little Goose, and Lower Granite on the 
Snake. 

The five primary storage reservoirs—Grand Coulee 
Hungry Horse, Albeni Falls, Hell’s Canyon, and Libby~"" 
provide flood control benefits and store water for power fro" 


snow melt so that while the reservoirs are refilling, for late 


power production, flood crests will be reduced at dow nstre” 
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points. Generators will be installed at all storage dams, but. 
the Bonneville Power Administration regards their major 
contributions to the Columbia River power supply as their 
ability to regulate the release of stored waters for use at 
downstream plants. Detroit and Lookout Point will furnish 
further flood control protection, and the plans for Priest 
Rapids and John Day incorporate emergency storage of flood 
waters. Grand Coulee has the largest irrigation facilities 
although some of the others will aid by reducing pumping 
heads or furnishing pumping power. Below Chief Joseph on 
the Columbia and Hell’s Canyon on the Snake the dams are 
designed to provide for preservation of fish runs. 

In addition to the Federal interest, the private utilities of 
the Northwest have always been aware of their obligation to 
their consumers, and in combination with the non-Federal 
publie owned utilities, have projects underway which will 
add 604,000 kw of prime power and more than twice that 
amount of peaking capability under minimum year water 
conditions in the next three years. These projects now under 
construction are Ross by the city of Seattle; installation of 
additional generators at Rock Island by the Chelan County 
PUD; Box Canyon by the Pend Orielle PUD; Cabinet Gorge 
by the Washington Water Power Company; Station “B” 
additions by the Portland General Electric Company; Clear- 
water Plants No. 1 and No. 2 on the Umpqua by the Cali- 
fornia-Oregon Power Company; and additions to the Kerr 
Plant of the Montana Power Company. Scheduled additions 
not yet under construction are Mayfield and Mossyrock by 
the city of Tacoma; Guffey and Dike by the Idaho Power 
Company; Lemolo Plants No. 1 and No. 2 by the California- 
Oregon Power Company; and Pelton and Round Butte by 
the Portland General Electric Company; some of which 
plants are currently being delayed by legal actions. 

1955 is the latest date included in the above definitely 
scheduled non-Federal projects. Others, however, are being 
considered to the possible extent of an additional 573,000 kw. 
These possible facilities are Swift Creek and Muddy Fork 
by the Pacifie Power & Light Company; Noxon Rapids by the 
Washington Water Power Company; Trout Creek by the 
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Montana Power Company and Big Bend Nos. 1, 2, and 3, 
Salt Caves; and Keno by the California-Oregon Power 
Company. 

Beginning with 1955-56, the Bonneville Power Administra- 
tion will have increasing amounts of firm power for new elec- 
troprocess plants providing the proposed schedule is ful- 
filled. However, since nonindustrial demands on the Federal 
system beginning in 1961-62 will absorb all the increase in 
generating capacity now scheduled for those years, no ad- 
ditional firm power will be available for electroprocess plants 
unless facilities not now scheduled are brought into produc- 
tion. Table I is of interest in this regard. It should be pointed 
out that an industry which is willing to take a “calculated 
risk” on interruptible power may find it very favorable to 
consider entering the area at an earlier date. 


Transmission 


During the next ten years the Federal grid will be extended 
more rapidly than before. By 1965 its peak capability is 
scheduled to total better than 9,000,000 kw. Although the 
prime purpose of the transmission grid is to deliver the output 
of Federal plants to the Bonneville Power Administration’s 
load centers throughout the region, it is also utilized to inte- 
grate the operation of Federal power plants with non-Fed- 
eral facilities, and to achieve benefits by tie-ins with areas 
adjacent to the Columbia Basin region. It is evident that 
transmission lines must keep pace with the increase in gen- 
eration facilities to bring energy from new dams to markets. 

The proposed transmission program has been divided into 
two phases. The first has received engineering study and is to 
be completed by January 1957. The second phase, covering the 
period from January 1957 to 1963, while not yet specific, is 
fairly definite as to the pattern that such transmission system 
expansion must follow. 

Under the first phase, three major transmission lines are 
under construction (see map). A 300,000-kw, 300-kv circuit, 
to be completed this year, will connect Grand Coulee to the 
Bonneville Power Administration’s Olympia Substation, and 
is the first line in the area carrying voltage in excess of 230 


TABLE I. U. 8. Columbia River Power System. Existing and potential large electroprocess industrial requirements 
1953-54— 1962-63 
(Thousands of kw) Average over the storage release season 


1953-S4 | 1954-55 1955-56 | 1956-57 | 1957-58 | 1958-59 1959-60 1960-61 | 1961-62 | 1962-63 
0 20 wo] @ | 28 28 2% | 32 | 32 
Light metals primary production*........| 1030 1380 | 1516 | 1617 | 1872 2111 2161 2338 | 2580 | 2714 
Light metals fabrication................. 32 44 44 | 62 | 68 | 70 a a oe 
97 | 148 | 169 | 230 | 230 | 239 | 315 | 363 | 381 | 396 
Phosphate industry.............0..0.005 47 | 140 | 215 | 239 | 239 | 292 | 344 | 368 | 398 | 474 
Chlorine, chlorates, caustic soda......... 36 46 62 | 67 | 7 | S4 87 92 | i 3 
Calcium carbide | 2% | 29 638 | 67 | 67 | 87 | | 106 | 120 
42 7 | 7 | & 8 | 192 | 122 | 122 | 132 
97 | 228 | 273 | 349 | 388 | 418 | 484 7 | 537 | 569 
1416 | 2117 | 2472 | 2772 | 3115 | 3472 | 3793 | 4082 | 4433 | 4739 
| 1213 | 1480 | 1544 | 1577 | 1607 | 1607 | 1607 | 1607 | 1607 | 1607 
Potential new industrial................. | 203 | 637 | 928 | 1195 | 1508 | 1965 | 2186 2826 | 3132 


2475 


* Includes aluminum, magnesium, and titanium. 


t Includes carbon, graphite, glass, hydrogen peroxide, iron, lead, manganese dioxide, cellulose products, synthetic fibers, zinc, 


lithium, methanol, and other chemicals. 


Includes BPA commitments, agreements, and reservations as of December 1, 1952. 
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kv. Two circuits to be completed by the end of 1955 will 
connect the Chief Joseph Dam to the Snohomish Substation. 
These lines are being designed for future conversion to 345 
kv service—the highest voltage, highest capacity circuits in 
the country, and will deliver 500,000 kw at that voltage. 
A 230-kv submarine cable across Puget Sound to serve the 
Bremerton area and the Olympic Penninsula is scheduled for 
115-kv energizing in late 1954, with conversion to 230 kv two 
years later. 

By 1957 four new circuits will be bringing McNary Dam 
power westward to market. Two of these circuits will bring 
the power to a new Santiam substation, with 230-kv lines 
extending to Chemawa, Albany, and the J. P. Alvey sub- 
station. From Alvey, circuits will be built to supply the 
Nickel Mountain load, previously mentioned, and continuing 
westward to Coos Bay. One of the remaining two circuits will 


consist of the MeNary-Big Eddy-Troutdale circuit, to be in 
operation by 1954, and the other will be the McNary-Ross 
Substation circuit, scheduled for late 1955 completion. 

230-kv facilities now run as far south as Redmond, Oregon, 
and by the end of the present year will be extended to Kla- 
math Falls, where it is proposed that the interconnection be 
made with the northern California circuits. 

Central Washington will be served by a new 230-kv circuit 
from MeNary to Walla Walla, to be completed in late 1955, 
and the present 115-kv system in the vicinity of Pasco will be 
reinforced because of the heavy load requirement due to the 
AEC expansion at Hanford. 

The transmission of power in the Pacific Northwest cannot 
be properly compared with power transmission elsewhere in 
the United States since many miles of high voltage, high 
capacity circuits must be built through very difficult terrain, 
resulting in average transmission distances of about 160 
miles—much longer than for any other U. 8S. system—and 
covering a vast area with parts of the circuits inaccessible due 
to heavy rainfall and snow. The resulting construction 
necessary to insure continuity of service, at the lowest 
possible cost, requires continuous development and adoption 
of new engineering designs. 

The Bonneville Power Administration power contracts all 
provide that adjustments may be made in wholesale rates 
every five years. The next adjustment date is December 1954. 
Since the cost of new facilities expected to be added to the 
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Federal Columbia River Power System before 195° will by 
substantially higher than the costs incurred in the Constry 
tion of Bonneville and Grand Coulee, it is anticipated thy 
some increase may be required at the December 1954 adjus 
ment date. Probably the present basic rate of $17.50 be 
kilowatt year will be raised to approximately $20 per kj 
watt year or possibly as high $22.50. But even at that ley: 
power from the U. 8. Columbia River System will be lower} 
cost than power available elsewhere in this country, and ) 
difficulty in selling it is foreseen. 


Power Policies 


The program as presented represents an estimated cost 
nearly four and one half billions of dollars. 

The immensity of this proposed undertaking, plus the past 
concentration of power in the hands of a Federal bureau, hs 


Fic. 6. Merwin Hydroelectric Projec 
Pacific Power & Light Company, Lew: 
River, Washington—100,000 kw. 


given much cause for thought to the people of the Paci 
Northwest area. The Bonneville Power Administration is 1 
an autonomous “authority” such as the TVA, but is rather 

marketing agency under the Department of the Inter 

To many in the Northwest region, Bonneville appears to hav 
too much power over the life of the area. This is because o/ 
marketing control and its potent force in the ability ' 
allocate the area’s energy almost in any way it desires. Mo 

are convinced that the Bonneville Administration has ux 
its great power in a socialistic manner, backing the PUD’ 
in a plan to destroy private utilities. PUD’s generally oper" 
on a county-wide basis; but in the state of Washington, t 
have been extended the power of joining together so « ' 
exercise their rights of eminent domain outside their norm 


area to the extent that they may condemn and purchase *!, 


or any part, of the facilities of private firms. This has led 
considerable internal fighting between PUD’s and privet 


power companies in that state. Washington has some * 


PUD’s operating, whereas Oregon, which does not extet 
such broad power to the PUD’s, has only two. 


The private utilities, which have been able to buy pov" 


from the Bonneville Power Administration for transmissio® © 


their customers, have become largely dependent upon 't 


their energy; however, this has been on Bonneville’s te™ 


which to many in the private utility field, are intoler: ble sin 
the private utilities feel that the people they serve are ™ 


established residents of the area, and the small and mediult 


Fol. 


usines 
hey fe 
slit its 
) per 
ublic. 


eral 


neral 
ew fir 
be 
The | 
ature. 
t pate 
lle co 
versit 
ith tl 
ponents 
uubter 
hole 
SCUSSE 
plac 
he util 
pparer 
ederal 
wd CO 
There 
he tec 
bool, fo 
) per 
irvel 
el th 
¢ 
s rece 
ithori 
ite Wi 
It is 


| 
—— a 
4 
| 
\ 
| the 
| | 
| | | 
if 


ist 


1, has 


oject 


Lewis 


rol. 100, No. 6 


sinesse- Which furnish the livelihood for so many people. 
ney fec! that it has been unfair of Bonneville to arbitrarily 
Jit its »vailable energy on the present basis of approximately 
) per cent to large industries and 40 per cent to the general 
ublic. They point to the tight power situation of the past 
eral years as an indication that the power needs of the 
neral publie have not been given the priority over large 
ow firm commitments to high load factor industries that 
bey believe should have been given. 

The people of the Northwest in general are independent in 
ature. They “pioneered” the area, and cast a jaundiced eye 
t paternalism. To more than just a voluble few, the Bonne- 
ile colossus is beginning to appear menacing and a definite 

version to the “states rights” idea is rapidly developing. 

ith the recent change in national administration the pro- 
onents of such views have taken heart and there will un- 
ubtedly be considerable opposition to the enactment of the 
hole proposed river-system development plan as previously 
scussed. The private utilities feel that the government has 

place in the building of hydroelectric power projects which 
he utilities are ready and able to take on when the demand is 
pparent, and feel that the Federal policies should be to limit 
ederal construction to those projects involving irrigation, 
wd control, ete., to a large degree. 

There has been practically no complaint in the area as to 
he technical phases of the system. The Northwest power 
ol, for instance, to which Bonneville supplies approximately 
5 per cent of the net energy requirements, has been a 

uwvelous thing for the area. It is only at the policy making 

el that dissatisfaction starts. As an example of the intense 
ling developing in the area, the Washington state legislature 
srecently provided for a state power commission having the 
ithority to acquire facilities, or build them, and to nego- 
ite with the government, Canada, any other state or public 

wwer agencies, this as part of the regional effort to recover a 
haximum of loeal level authority. 
lt is unfortunate that in an article of this type political 
licies have to be brought in, but at the present time the 
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future of the electrochemical industry in the Pacifie North- 
west rests, to a great extent, on the final resolving of such 
energy distribution policies by the Federal government. 

Due to the rapidly growing feeling about local control, and 
the developing uncertainties as to the adoption of the proposed 
Federal program, the larger utilities, public as well as private, 
are looking more and more toward the independent construc- 
tion of necessary generating plants on an individual or joint 
basis. Such plans by private companies bring out many 
conflicts, such as the controversy raging between the Idaho 
Power Company and the Federal bureaus for the develop- 
ment of the Snake River, wherein the Idaho Power Company 
desires to make further construction at the Oxbow site, 
whereas the Reclamation Bureau’s viewpoint is that this 
would prevent construction of the proposed multipurpose 
Hell’s Canyon project. Some of the suggestions of the private 
utilities even include the non-Federal construction of the 
power features of multiple purpose government. projects. 
Whether such proposals will have a deterrent effect upon 
congressional authorization of the now unauthorized por- 
tion of the Columbia River Plan, cannot be foretold. The 
general feeling in the area is that some modifications are 
going to be made. Whether or not such modifications will 
seriously affect the rate at which the electroprocess industries 
can expect to enter the Pacific Northwest on a firm power 
basis is likewise unpredictable. In the meantime, opportunity 
does exist to utilize interruptible power, either through the 
Bonneville Power Administration, or through the non-Federal 
and the private utilities. 
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1953. Subjects to be covered at the technical sessions will be Battery, Corrosion, and 


Eleetrodeposition. 


To be considered for this meeting, triplicate copies of manuscripts or abstracts (not to 
exceed 75 words in length) must be received at Society headquarters, 235 West 102nd 
Street, New York 25, N. Y., not later than July 1, 1953. 
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Corrosion of Heating Electrodes in Molten Chloride Baths’ 


H. R. Copson 


Research Laboratory, The International Nickel Company, Inc., Bayonne, New Jersey 


ABSTRACT 


Alternating current between immersed electrodes is used to heat sodium-potassium 
chloride heat-treating salt baths to temperatures around 1500°F.. The corrosive conditions 
to which the electrodes are exposed were simulated in laboratory tests. It was found that 
under certain conditions the electrodes wasted away or “‘pencilled’”’ rapidly. This pen- 
cilling was due to metal dissolving during the anodic part of the a-c cycle and plating 
back as a nonadherent powder during the cathodic part of the cycle. Whether or not 
pencilling occurred depended upon the condition of the protective oxide coating on the 
electrodes, which in turn was controlled by the composition of the neutral salt bath. 
Oxidizing constituents in the bath kept the oxide film in repair. Alkalinity in the bath 
was necessary for film breakdown and pencilling. No pencilling occurred in fresh pure 
salt. Pencilling increased rapidly with current density. 


INTRODUCTION 


Molten salt baths have been developed to carry 
out practically all the heat-treating operations which 
may be required in handling metals. There are many 
types of salts and many types of furnaces (1). A 
convenient and economical means of supplying heat 
to the bath, particularly in the higher temperature 
ranges, is by means of alternating current passed 
through the bath between immersed electrodes (2). 
For long life such electrodes are made of some heat- 
resisting alloy. As might be expected, the life of the 
electrodes depends in large part on the composition 
of the salt bath and the conditions of operation. 
Generally the corrosive action is most severe at the 
liquid line. 

On the other hand the attack has sometimes oc- 
curred beneath the liquid line with a smooth wast- 
ing away or “‘pencilling’”’ of the electrodes. Fig. 1 
shows such a pencilled electrode. Such thinning is 
always much more pronounced on the facing sur- 
faces of a pair of electrodes, and is evidently asso- 
ciated with the passage of the alternating current. 
This type of attack has been sporadic with many 
electrodes showing no effect of the passage of current. 

It was decided to study the phenomenon of pen- 
cilling on a laboratory scale. For this purpose a 
particular salt composition and a particular elec- 
trode material were selected. The electrode material 
was Inconel of the following composition: 77.51 % 
nickel, 14.40% chromium, 7.40% iron, 0.08% car- 
bon, 0.10% silicon, 0.16% manganese, 0.009 % sul- 
fur, and 0.23 % copper. The salt bath selected was a 
‘common neutral chloride bath containing 56 parts 
of potassium chloride and 44 parts of sodium chlo- 

‘Manuseript received October 14, 1952. This paper was 


Prepared for delivery before the Montreal Meeting, Octo- 
der 26 to 30, 1952. 


ride (3). This bath is used in the temperature range 
of 1350° to 1650°F. It is neither carburizing nor de- 
carburizing to steel and hence is called neutral. 


AND RESULTS 
Experimental Procedure 


The laboratory setup was intended to reproduce 
commercial conditions on a small scale. A small scale 
meant that at the same current density on the elec- 
trodes there was less heat input into the salt, the 
heat input being roughly proportional to the square 
of the current multiplied by the resistance of the 
salt. This meant that auxiliary heat was required 
to keep the salt molten. Auxiliary heat was supplied 
by a gas furnace. The apparatus was surrounded by 
a hood to remove fumes. 

While as described below there were some varia- 
tions in procedure, the general conditions were as 
follows. A weight of 3% lb of C.P. salt mixture was 
melted in cast metal pots, 6 in. in diameter and 5 in. 
deep, and the temperature of the furnace was set 
for 1500°F. A pair of electrodes, 4 x % x 8 in. in 
size, were spaced }4 in. apart and lowered into the 
center of the fused salt to a depth of 1 to 2% in. 
Low voltage alternating current (0 to 6 volts) was 
applied across the electrodes and a current of 0 to 
130 amp allowed to flow. Generally the current was 
adjusted to 20 amp/in.? of immersed electrode area. 
Usually an experiment was continued for about 18 
hours. Then the electrodes were removed, cleaned, 
and weighed. The weight loss was confined princi- 
pally to the immersed portion and was calculated as 
grams per square inch of immersed area per day. 
The depth of penetration on each surface was meas- 
ured also. 

During a run the salt level dropped about '4 in. 
due to volatilization and creeping. Accordingly, the 


4 

2 

4 

» 

| 
‘Sa; 
ae 
ke 
es 
257 


In. /DAaY 


6.7590 


wT. LOSS, 


25 JOURNAL OF THE ELECTROCHEMICAL SOCIETY 


immersed area was estimated at the start, at the 
end, and averaged. As the salt level dropped, the 
resistance between the electrodes increased and the 
current dropped. Fortunately the decrease in im- 
mersed area and the decrease in current compensated 
for each other and the current density remained sub- 
stantially constant. As the current decreased the 
heat input from this source dropped, and the tem- 
perature dropped somewhat. However, the down- 
ward drift in temperature was not large, and the 
temperature was controlled within +30° of 1500°F. 


Fic. 1. Commerical electrode showing severe thinning 
beneath the liquid line. 


18 HR | } 
F i 
3 
PURE SALT (56 44 NaCc) 
2 ELECTRODES | 
ts) 20 40 60 60 100 120 


AVERAGE CURRENT DENSITY, AMP. / SQ. IN. 


Fic. 2. Effeet of current density in pure salt 


With the setup described the current distribution 
on the electrodes was not uniform. Obviously there 
was more current on the facing surfaces of the elec- 
trodes than on their backs, and more current on the 
corners than on the flat surfaces. Consequently the 
average current density should be interpreted with 
caution. In a few runs the current distribution was 
made more uniform by placing one experimental 
electrode in the center of the salt pot and using the 
pot as the other electrode. 


Electrode Behavior in Pure Salt 


No pencilling was ever obtained in experiments 
starting with fresh pure salt despite variations in 
temperature and current density. To obtain high 
current densities the cross sections of the electrodes 
were cut down. In one run such high currents were 
imposed on small electrodes that they became much 
hotter than the salt (2200°F at a guess) and caused 
the salt to boil where in contact with the electrodes. 
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The effect of current density on weight logs jy 
shown in Fig. 2. The weight loss increased slight) 
with current density, but even exceedingly high 
currents produced nothing resembling pencilling 
There were some small scattered pits 0.01 to 0.02 jy 
deep, and these were more numerous on the facing 
surfaces. Analysis of the salt showed no appreciable 
change in composition during these runs. 


Electrode Behavior in Alkaline Salt 


Fused chloride salt baths are not completely stab; 
at high temperatures, but gradually react with mois. 


HR 

F 

20 AMP. IN. 
2 ELECTRODES 
ALLOY POT 


IN. 


~ 


LOSS OF ELECTRODES, 


NagO AT START (ADDED AS NAOH OR 


Fic. 3. Effect of alkalinity 


ture and air to form oxides and carbonates. A water 
solution of such a salt is alkaline, and hence the 
fused salt itself is often said to be alkaline. To 
simulate this decomposition, the salt bath was made 
alkaline at the start by the addition of small amounts 
of sodium hydroxide or sodium carbonate. It made 
little difference which was added because under the 
conditions existing in the gas furnace the hydroxide 
was rapidly converted to carbonate. Under these 
alkaline conditions the electrodes pencilled. 

Fig. 3 shows the weight loss plotted against the 
calculated amount of NasO added at the start. The 
weight loss increased rapidly with Na»O content up 
to 0.58 to 0.77 per cent. The data show some scatter 
for reasons which are described below. The curves in 
the left portion of the figure indicate the range 0! 
scatter. The bottom curve in Fig. 3 is discussed 
further below. 

In Fig. 4 the center electrode illustrates the typical 
appearance of electrodes showing pencilling a! 4 
current density of about 20 amp/in.2, average. This 
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electrode Was exposed to salt with 0.58 per cent 
Na. present at the start (added as sodium car- 
honate) and had an average weight loss on the im- 
mersed portion of 3.7 g/in.2/day. However, as can 
be seen in the figure the attack was confined to the 
facing surface and to the edges and bottom, mani- 


Fia. 4. Side view of electrodes exposed for 18 hr at 1500°F 
in bath with 1% sodium carbonate added at the start. 
Natural size. 


lestly regions of high current density. The depth of 
attack on the facing surface was about 0.05 in. The 
attacked portions were smooth and bright, whereas 
the rest of the immersed area was dull gray. The gray 
portions were strongly magnetic and appeared on 
magnification as though built up with an electro- 
deposit. Measurements with a micrometer showed an 
increase in thickness of several thousandths of an 
inch, particularly near the liquid line. 
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Microexamination of cross sections through pen- 
cilled electrodes confirmed the presence of a deposit 
on the back and sides. The deposit is shown in Fig. 
5. It had a nodular growth characteristic of electro- 
deposits. The specimen in Fig. 5 was copper plated 
to protect the edges during polishing. The fact that 
the deposit readily took the copper plate tends to 
prove that it was metallic. The deposit was not ad- 
herent and could be flaked and powdered off. 

When pencilling occurred a powdery, black, mag- 
netic sludge accumulated beneath the electrodes. 
Occasionally bubbles could be seen rising to the 
surface and sometimes these burst into flame, prob- 
ably indicating the presence of carbon monoxide. 


Fig. 5. Cross section of pencilled electrode showing de- 
posit on back surface. Specimen copper plated. 25x 


Upon solidifying the solid salt was white in color 
although sometimes it had a bluish tint. 


Electrode Behavior in Oxidizing Salt 


When large amounts of alkaline materials were 
added there was no attack of the electrodes whatso- 
ever (Fig. 3). In such cases the salt acquired a yellow 
color and was found to have become high in 
chromate. These runs were made in nickel-chromium- 
iron heat-resisting alloy pots, and it is believed the 
high alkalinity attacked the oxides on the surface 
of the pots. Sodium chromite was probable carried 
to the surface of the salt bath and there oxidized to 
chromate. This mechanism tended to be confirmed 
by the fact that the electrodes showed a small en- 
crustation of yellow alkaline salt at the liquid line 
2 or 3 inches above the salt level even when the rest 
of the salt was white. That chromium was lost from 
the pots was shown by chemical analyses of layers 
removed from their cleaned surfaces. In one case 
the chromium content of the pot was reduced after 
several runs from an initial value of 20 per cent to 
6.4 per cent at the surface. The ‘“dechromizing”’ 
effect extended to considerable depth with a layer 
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of metal removed some distance beneath the surface 
analyzing 13.2 per cent chromium. 

The chromate contents of strongly alkaline salt 
baths built up to as high as 1.1 per cent chromate in 
solution. Whenever much chromate was present there 
was no pencilling. The immersed portion of the 
electrode acquired a thin adherent black coating. 
Apparently chromate in solution acted as an oxidiz- 
ing agent to put a protective oxide coating on the 
electrodes. 

To avoid the complication of chromate build-up in 
the salt, five runs were made in a nickel pot. The 
results are given in Table I. There was no sharp 


TABLE I. Electrode behavior in alkaline salt in nickel pot 
Time: 18 hr; Temp: 1500°F ; Current density : 20 amp/in.’; 
2 electrodes; Nickel pot. 


Composition of salt at start, % 


— | We loss of electrodes 
Na,CO, KCI | NaCl 
25 0.0 56.0 44.0 0.4 
37 1.0 65.5 | 43.5 1.6 
36 5.0 53.2 41.8 2.9 
44 10.0 50.4 39.6 1.6 
0.2 


43 25.0 42.0 33.0 


break in the rate of pencilling as in Fig. 3, but again 
the rate of pencilling passed through a maximum. 
This occurred somewhere between 1 and 5 per cent 
of added sodium carbonate. Above 5 per cent the 
attack decreased, and with 25 per cent added sodium 
carbonate it was less than in pure salt. The elec- 
trodes in this last run acquired a thin uniform black 
oxide coating. This shows that carbonate is oxidizing 
toward the electrodes, and, in sufficient concentra- 
tion, can prevent pencilling by forming a protection 
oxide coating. Presumably other oxidizing agents 
besides chromate and carbonate would prevent pen- 
cilling. 


Effect of Adding Chromate to the Salt 


Once it was observed that accumulations of chro- 
mate in alkaline salt prevented pencilling, deliberate 
additions of potassium chromate were tried. Analyses 
of the salts at the ends of the runs showed that the 
chromate content of the salt was not constant, but 
might either increase or decrease. Apparently, once 
sufficient chromate was present to prevent pencilling 
the chromate content of the salt tended to build up 
even higher. On the other hand, once pencilling 
started, the chromate content dropped to very low 
values, probably through reaction with the elec- 
trode sludge with its large surface area. It was found 
that the chromate content of the salt could be es- 
timated very accurately from the yellow color of the 
solid salt in comparison with known standards. 

For convenience the chromate content at the start 
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and at the end of the runs was averaged. In Fig. 6 t), 
weight losses of the electrodes are plotted againg 
the average chromate contents of the alkaline sq) 
baths (one per cent of sodium hydroxide or sodiyy 
carbonate added at the start). The figure shows th; 
pencilling never occurred with average chromay 
contents above about 0.045 per cent, equivalent ; 
450 ppm of chromate. Below 0.045 per cent son 
pencilling might occur with maximum rate increas 
ing with decreasing chromate content. 

In practice it might take some watching to maiy. 
tain the chromate content of neutral chloride baths 
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Fic. 6. Effect of chromate on pencilling in alkaline salt 


around 0.05 per cent. A large area of work passing 
through the bath would lower the chromate con- 
tent. Normally, oxidizing constituents cannot be 
tolerated in the bath because they decarburize stee! 
However, 0.05 per cent of chromate would be smal 
enough to have no significant effect in this respect, 
although larger amounts would be expected to cause 
some decarburization. 


Changes in Salt Composition 


It had become apparent that the composition 0! 
the salt baths with added alkali was not remaining 
constant. Accordingly some baths were analyzed 
after different times, the Na,O content being deter- 
mined by titration, and the CO, coatent by evolu- 
tion. The results are shown in Fig. 7. It was found 
that both these constituents were being lost from the 
baths, and at different rates. After a short time there 
was a smal! excess of alkalinity. During these rns 
the chromate content increased from zero at the 
start to 0.0085 per cent at 6 hours and then de 
creased to negligible values again. This would mea! 
that some of the average chromate contents in Fig 
6 were incorrect, but not sufficiently so to change the 
general picture. While Fig. 7 is considered | ypical 
there was undoubtedly considerable variation be 
tween runs. As already noted, it made lit''e dif- 
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ference Whether sodium hydroxide or sodium car- 
honate was added at the start because the hydroxide 
was converted to the carbonate within the first hour. 


08 0.06 
1s00 F 

20 AMP, /5Q. IN. 0.05 
1% AT START z 

04 2 ELECTROOCS 
= \ ALLOY POT 
0.03 
cOnN \ 

0.02 « 
on 
0.0 => 0.00 
3 10 20 30 40 so 


TIME, HOURS 


Fic. 7. Changes in salt composition with time 


TABLE II. Interrelation of chromate, carbonate, and alka- 
linity on pencilling 

Time: 18 hr; Temp: 1500°F; Current density: 20 amp/ 

in.2; 1% NasCO, at start; 2 electrodes; 50 Ni, 20 Cr alloy 

pot. 


Salt composition at end 
Ren’ | We loss of electrodes 
| alkalinity | Chromat 
| Na,00, | Na,O ‘ 
| % | % % 
79 | 0.337 0.013 0.011 0.2 
80 | 0.041 0.002 3.1 
$1 | 9 265 | 0.016 0.013 0.3 
2 | 0. 024 | 0.024 | 0.001 2.2 


° Runs j in old alloy pot with partial ‘leaning of pet be- 
tween runs. 


TABLE IIL. Effect of age of alloy pot on salt composition 
Time: 18 hr; Temp: 1500°F; Current density: 20 amp/ 


in.*; 1% NaeCO, at start; 2 electrodes; 35 Ni, 15 Cr alloy 
pot. 


Salt composition end We lees of 


Nao | | g/in.*/day 

58 | 0.15 | 0.07 | 0.0002 | 3.8 
59 «(0.35 0.20 | 0.0002 3.7 
6 =| 0.38 | 0.23 | 0.0002 | 2.6 
61 «(0.29 0.0002 3.4 


* Successive runs in a new w alloy pet with w no o cleating be- 
tween runs. 


During these experiments the rate of pencilling 
Was hot constant with time. There was a period at 
the start when there was little or no attack on the 
electrodes. Pencilling started at a slow rate and 
gradually increased in severity up to 18 hours at 
least. Sometime after 18 hours pencilling slowed 
down again but did not stop. 

Perhaps the interrelation of carbonate, excess al- 
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kalinity, and chromate is made clearer by the data 
in Table II. No pencilling occurred in runs 79 and 81 
where the chromate and carbonate were relatively 
high. However, it did occur in run 80 where the 
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Fig. 8. Effect of current density in alkaline salt as de- 
termined on two closely spaced square electrodes. 


chromate was low and the excess alkalinity high, 
and in run 82 where the chromate and carbonate 
were both very low. 

The rate of change in composition of the salt bath 
was affected by everything coming in contact with 
the salt, such as the atmosphere above the salt, the 
salt pot, the thermocouple protection tube, the elec- 
trodes, and the sludge from pencilling electrodes. 
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Commercially there would be still other factors af- 
fecting the composition, although a large volume of 
salt would tend to make conditions more stable. The 
effect of the alloy salt pots did not remain constant 
but changed with the age of the pot, presumably due 
to the accumulation of an oxide coating and to 
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Fic. 9. Effect of current density in alkaline salt as de- 
termined on one electrode in center of circular pot. 


chromium depletion. This is illustrated in Table III 
for the first four runs in a new alloy pot containing 
nominally 35 per cent nickel, 15 per cent chromium, 
balance iron. It would have been desirable to have 
had better control of salt composition. 


Effect of Current Density 


Contrary to the behavior in pure salt, current 
density was of the utmost importance in alkaline 
salt. Some typical results are plotted in Fig. 8. Weight 
loss increased rapidly with current density. 

Fig. 4 shows the effect of increasing current density 
on appearance. The electrode tested at 7 amp/in.’, 


average, showed no weight loss and acquired « dark 
uniform, good looking coating. This run was mags 
in a nickel pot. The electrode tested at 21 amp/jin: 
average, showed pencilling on the facing surface anq 
was representative of the many electrodes showing 
attack at this current density. The electrode teste 
at 57 amp/in.’, average, was severely pencilled on q\ 
surfaces. This electrode was shortened about 0.1; 
inch by the pencilling. 

It was found that the pot composition had som 
effect on the rate of pencilling, particularly at the 
higher current densities. The lowest rates of pep. 
cilling were obtained in nickel pots, intermediate 
rates in a 35 per cent Ni, 15 per cent Cr, balance Fy 
pot, and the highest rates in a 50 per cent Ni, % 
per cent Cr, balance Fe pot. Thus a weight loss oj 
7.3 g/in.2/day was obtained in a nickel pot at 43.5 
amp/in.’, average, and in a 50 per cent Ni, 20 per 
cent Cr pot at 22.5 amp/in.*, average. The rate oj 
pencilling increased with the chromium content of 
the pot. Undoubtedly this was due to the influence 
of the pot on the salt bath composition. The effect 
might be due to chromium in the pot tending to 
remove oxidizing constituents from the bath. 

As already pointed out, the current distribution 
around two closely spaced square electrodes was 
far from uniform. To obtain a more uniform curren! 
density one electrode was placed in the center of an 
alloy pot and the pot made the other electrode. The 
effect of increasing current density under these con- 
ditions is shown in Fig. 9. There is an inflection point 
in the curve at 50 to 54 amp/in.? Most of the labora- 
tory weight losses plotted along this inflection point. 
In other words, an average current density between 
two electrodes of 20 amp/in.? produced the same 
weight loss as a uniform current density of 52 amp 
in.? This gives an indication of the extent of concen- 
tration of current on the facing surfaces of the elec- 
trodes, but should not be regarded as exact. In Fig 
9 there is plotted the weight losses for 100 per cent 
anode efficiency. Under the severest conditions show 
at 90 amp/in.* the pencilling was equivalent to at 
anode efficiency of 21 per cent. 

Fig. 8 and Fig. 9 leave no doubt of the benefit to 
be gained by decreasing the current density. With 
two electrodes the attack was negligible below a! 
average current density of about 7 amp/in.? Higher 
currents could be tolerated with more uniform cur- 
rent distribution. By way of emphasis it might be 
remarked that in none of these laboratory exper'- 
ments did the Inconel thermocouple protection tube 
at zero current density ever show any attack. 


Sludge from Electrodes 


Whenever pencilling occurred, a black sludye a¢- 
cumulated beneath the electrodes. After letting the 
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salt bath solidify, lumps of this sludge were chipped 
out. Chemical analysis showed that the ratios of 
nickel to iron to chromium in the sludge were 78.1 
to 7.6 to 14.3 as compared with 78.0 to 7.5 to 14.5 
‘n the electrodes. Hence there was no question but 
that the sludge came from the electrodes. 

The lumps of sludge obtained were always con- 
taminated with lots of salt. This salt could be washed 
away, leaving behind a fine, dark, magnetic powder 
which would conduct current. Titrating the wash- 
ings brought out the significant point that more 
alkalinity was always present than in the salt bath 
proper. In one case where 5 per cent sodium car- 
honate had been added, the salt bath at the end 
titrated 2.57 per cent NasO, whereas water extracts 
from the lumps of sludge showed 3.90 per cent Na»,O 
in this material. Knowing that the lumps contained 
a total of 15.80 per cent of nickel, chromium, and 
iron, that they were 81.83 per cent soluble, and that 
in this run the electrodes lost 17.4 grams, it was 
possible to calculate that this extra alkalinity was 
sufficient to tie up all the chromium in the sludge as 
sodium and potassium chromites, and most of the 
iron as sodium and potassium ferrites. Practically all 
the nickel seemed to be present as metal powder. A 
little nickel oxide and iron oxide were probably pres- 
ent also. 

The calculated composition corresponded to the 
known properties of the sludge. Washing with water 
would decompose the chromites and ferrites and dis- 
solve the Na,O. Treating the sludge with 5 per cent 
hydrochloric acid dissolved practically all the nickel 
and iron, but none of the chromium, as would be 
expected. On standing in aerated water the sludge 
produced no rust, which would have occurred if 
much metallic iron was present. The large amount 
of metallic nickel accounts for the magnetic and 
current conducting properties of the sludge. 


MECHANISM OF PENCILLING 


The pencilling of the electrodes appeared to be 
controlled by the presence or absence of a protec- 
tive oxide coating. In some cases this oxide coating 
was thick enough to be seen. In the presence of the 
protective coating the electrodes behaved like inert 
or passive material and were unaffected by the 
passage of current. In the absence of a protective 
coating the electrodes dissolved during the anodic 
part of the a-ec cycle. The metal ions formed plated 
out during the cathodic part of the cycle as a non- 
adherent powder most of which settled to the bottom 
of the pot. The salt still carried a good portion of 
the current, so that the sludge was formed at low 
current efficiency. 

Pencilling was caused by anything leading to film 
break iown. Alkalinity tended to remove iron and 


CORROSION OF ELECTRODES IN MOLTEN BATHS 263 


chromium oxides from the surface by forming fer- 
rites and chromites. In the absence of current this 
did no particular harm. In the presence of current 
pencilling occurred under these conditions and the 
sludge was contaminated with chromite and ferrite. 
The mere fact of pencilling would tend to prevent 
film repair. The continuous formation of fresh quanti- 
ties of sludge with its large surface area would re- 
move oxidizing constituents from the bath and thus 
prevent film repair. High current density was defi- 
nitely a factor in promoting pencilling under alkaline 
conditions. 

Pencilling was prevented by anything leading to 
film formation or repair. In pure salt there apparently 
was enough oxidizing power to maintain a protec- 
tive film. Chromates and carbonates were film form- 
ers. It is interesting that high alkalinity favored the 
acquisition of both carbonate and chromate by the 
salt bath. 

The interrelation of alkalinity and oxidizing power 
of the salt was complex. Some Na.O was necessary 
to break down the protection film on the electrodes. 
However, the rate of pencilling did not increase 
steadily with Na,O content because as the alkalinity 
increased the oxidizing power of the bath increased 
due to the accumulation of both chromate and car- 
bonate. In the laboratory setup high Na,O contents 
were always accompanied by a comparatively high 
oxidizing power in the salt. 

Pencilling was favored by anything tending to 
remove or prevent the accumulation of chromate. 
This might be accomplished by work passing through 
the bath. All exposed metal tended to react with 
the chromate and reduce it. In the case of the metal 
pots this tendency increased with the chromium 
content of the alloy in accord with the known affinity 
of chromium for oxygen. On the other hand, the 
presence of large amounts of chromic oxide, such as 
existed on used metal pots, tended to promote the 
formation of chromate. Thus chromium in the alloy 
pot was harmful, but chromate in solution was 
beneficial. 


DISCUSSION 


In the commercial operation of salt baths the 
primary object is to turn out the work in good con- 
dition. The effect of the salt on the electrodes is a 
secondary matter. Nevertheless it is evident that 
the composition of the salt controls the life of the 
electrodes. No pencilling ever occurred in pure salt 
or in strongly oxidizing salt. Normally, strongly 
oxidizing conditions cannot be tolerated because of 
their action on the work. An ideal situation would 
be one where the bath was just oxidizing enough to 
protect the electrodes, but not oxidizing enough to 
harm the work. Such a condition could be achieved 
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by maintaining about 0.05 per cent chromate in the 
bath (4). 

During operation, neutral salt baths tend to be- 
come alkaline and to pick up carbonates. In this 
condition they are decarburizing to steel. Where this 
cannot be tolerated ‘rectifiers’ are added to the 
bath. The rectifiers may be of many types. Where 
the rectifiers function only to maintain the hardness 
of the steel surface they might have little effect on 
pencilling. However, where the rectifiers function to 
remove the alkalinity or to restore the bath to its 
initial condition, they should be an effective means 
of preventing pencilling. 

A third method of preventing or reducing pen- 
cilling is to maintain a low current density on the 
electrodes. This is largely a matter of furnace design 
and operation. In the case of electredes immersed 
from the top of the bath merely maintaining a suf- 
ficient depth of salt might prevent pencilling. 


SUMMARY 


Laboratory tests using Inconel electrodes and a 
sodium chloride, potassium chloride salt bath at 
1500°F showed that pencilling is an electrochemical 
phenomenon, and is controlled by a protective oxide 
film on the electrodes. Under conditions of film break- 
down the electrodes dissolve during the anodic part 
of the a-c cycle. The metal ions formed plate back 
during the cathodic part of the cycle as a non- 
adherent powder which settles out. 

No pencilling ever occurred in fresh pure salt. 


Apparently there was enough oxidizing power j, 
fresh salt to maintain a protective film on the ele. 
trodes. Alkalinity in the salt attacked the prote. 
tive film and removed iron and chromium oxide 
from the surface by forming chromites and ferrite. 
In the presence of current the film damage in alkaline 
salt led to pencilling. In alkaline salt pencilling jy. 
creased rapidly and at an increasing rate with cy. 
rent density. 

In alkaline salt the presence of oxidizing agent; 
such as carbonate and chromate acted to repair fil 
damage and prevented pencilling. The presence , 
0.05 per cent chromate was sufficient to preven 
pencilling. Under the small scale laboratory condi. 
tions the salt composition changed rapidly wit) 
time as regards constituents important to pencilling 
The composition and condition of the metal pots 
used as containers influenced these changes. 

Three methods of preventing pencilling involved 
the use of rectifiers to remove alkalinity, the use o/ 
oxidizing agents to maintain a protective film on the 
electrodes, and the use of low current density. 


Any discussion of this paper will appear in a Discussion 
Section, to be published in the December 1953 issue of the 
JOURNAL. 


REFERENCES 


1. “Metals Handbook,”’ p. 275-278 and 283-291, American 
Society for Metals, Cleveland (1948). 

2. W. Apa, Trans. Electrochem. Soc., 70, 143 (1936). 

3. R. C. Srewart, Jron Age, 157, No. 7, 46 (1946). 

4. H. R. Corson, U. 8. Pat. 2,464,922, March 22, 1949. 


The 
fluoric 
both 
such | 
electr 
molee 
electr 
the ef 
electr 
proce 

Th 
study 

juen¢ 
mega 
break 
to pr 
of thi 

It 
hexal 
quen 

Secor 

Di 
deter 
tion 
the 
teria 
on tl 
the 
smal 


| 

| j 

| 

| 

grad 

| cale 

| gap 

| 

} 1 

May 


The Electric Strength of Sulfur Hexafluoride at Radio 


Frequencies’ 


Joun W. Gipson AND C. FRANK MILLER 


The Johns Hopkins University, Baltimore, Maryland 


ABSTRACT 


The electric strength of SF. in uniform fields has been measured at 60 cps and in the 
radio frequency range 2-16 megacycles per second at gauge pressures of 5, 10, 15, and 20 
lb/in.* The electric strength of SF, was found to be essentially the same at 16 mega- 
cycles. per second as at 60 cps. At 16 megacycles per second, the electric strength ex- 
ceeded that of polystyrene or polyethylene even at low pressures. The voltage required 
to break down a given configuration depends upon electrode material and irradiation. 


INTRODUCTION 


The superior insulating performance of sulfur hexa- 
fuoride, as compared to air or nitrogen, results from 
both the relatively large collision cross section of 
such molecules which extract energy from the free 
electron in the field and from the tendency of such 
molecules or their dissociation products to attach 
electrons and form impotent negative ions (1). Thus 
the effect of electronegative gases is to capture free 
electrons and reduce the efficiency of the ionization 
process. 

The purpose of the present investigation was to 
study sulfur hexafluoride in the range of radio fre- 
juencies between 2 megacycles per second and 16 
megacycles per second in order to determine the 
breakdown strength as a function of frequency, and 
to provide engineering data on the electric strength 
of this important gaseous insulating medium. 

It was found that the electric strength of sulfur 
hexafluoride was essentially independent of fre- 
quency in a uniform field up to 16 megacycles per 
second. 

During the course of the investigation, it was 
determined that cathode material and the introduc- 
tion of irradiation had a relatively large effect upon 
the breakdown potential. The same cathode ma- 
terials and irradiation level had no detectable effect 
on the electric strength of air. This was attributed to 
the fact that @ (the first Townsend coefficient) is 
smaller for sulfur hexafluoride than for air. 


EXPERIMENTAL WoRK 
Test Cell 


Spheres were chosen as electrodes because the 
gradient at any point between two spheres may be 
calculated (2). In order that objects near the sphere 
gap have a negligible effect on the electric field be- 


'Manuseript received September 11, 1952. This paper 
Was prepared for delivery before the Philadelphia Meeting, 
May 4 to 8, 1952. 


tween the spheres, certain precautions must be taken. 
The effect of nearby objects is to increase the elec- 
tric field at the surface of the spheres and thereby 
lower the breakdown voltage. No insulating body 
should be nearer to the sphere gap than one sphere 
diameter, and the sphere shanks should not be greater 
in diameter than one-fifth the sphere diameter if 
field distortion is to be avoided (3). 

The test cell consists of a 6-in. inside diameter 
cylinder whose length is 6 in. One end plate is made 
of glass silicone laminate and supports the un- 
grounded sphere. This plastic was selected because 
of its high mechanical strength and its low loss at 
radio frequencies. The other end plate is made of 
brass and supports the mechanism by which the gap 
is adjusted. The end plates are each secured with 
eight bolts. 

A port was cut in the cylinder wall, and a special 
ultraviolet transmitting window sealed in the port 
to permit irradiation of the gap and observation of 
the interior. 

The high potential sphere is fixed while motion of 
the grounded one is permitted by means of a copper 
bellows pressure seal. Rectilinear motion of the mov- 
able sphere is maintained by four precision pilot 
pins and a long central sphere-shank bearing. Actual 
motion of the movable electrode is accomplished 
with a hand screw in the axis of the electrodes. A 
vernier micrometer head permits the gap setting to 
be read to a tenth of a mil (0.0001 in.). To produce 
a given gap setting, the grounded sphere is moved 
in until an ohmmeter indicates contact; it is then 
backed out to give the desired separation. 

Neoprene gaskets were used for the end plate and 
window-seals. A polyethylene gasket was used as a 
pressure-vacuum seal at the high voltage bushing 
because of the high electric stress. The cell is gas 
tight when cycled between a 3-micron vacuum to an 
internal pressure of 40 lb/in.* (gauge). 

Spheres of brass, aluminum, zinc, copper, and 
chromium plated brass were employed in various 
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phases of the work. The sphere diameter was 0.786 
in. (2 em) +0.001 in. in all cases. 

The silicone laminate end plate was capable of 
withstanding 40 kv (rms) at 60 cps and 20 kv (rms) 
at 20 megacycles per second. 

In order to determine the proximity effects of the 
structure on the gap field, the breakdown curve was 
determined for air at 60 eps and found to agree 
within one per cent with results for spheres in free 
space for separations up to 0.2 in. after appropriate 
air density corrections were made. Since the maxi- 
mum gap spacing used in this work did not exceed 
0.06 in., one may conclude that the field distortion 
introduced by the cell structure was quite small. 


Fic. 1. Cell and associated equipment used in the de- 
termination of the electric strength of sulfur hexafluorid 


The gas cell assembly is shown in cross section 
in Fig. 2. 


Voltage Sources 


Tests were conducted at frequencies of 60 cps, 2, 
4.8, 9.8, and 16 megacycles per second. The 60-cycle 
voltage was obtained from a high voltage trans- 
former capable of supplying 70 kv (rms). The voltage 
was varied by a Variac in the primary side. 

A Navy type TDH-4 transmitter with a power 
capability of 3 to 5 kw over the frequency range of 
2-18 megacycles per second was used as the primary 
source of radio frequency test voltages. The output 
voltage of this transmitter was stepped up by tuned 
radio frequency transformers to a maximum of 20 
kv (rms). The secondary of the selected transformer 
is tuned by the capacitance of the test cell in parallel 
with a motor-driven variable liquid capacitor.2 The 
magnitude of the test voltage is controlled by a 
Variac which changes the rectified and filtered plate 


* Further details of the radio frequency supply are given 
in reference (4). 
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voltage on the final amplifier of the transmitter, 
schematic diagram of the radio frequency system 


shown in Fig. 3. 
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Fig. 3. Schematic of the radio frequency circuit 


Voltage Measurement 


At 60 cps the voltage was measured at the sphere 
gap by means of a voltage divider and vacuum tube 
voltmeter. The vacuum tube voltmeter was a [lick- 
ock model 209-A with abnormally long seale so that 
the voltage could be read to a high degree of 2 


Fic. 2. Cross section of the gas cell 
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curacy. This system was calibrated both by sphere 
aps and an electrostatic voltmeter substituted for 
the test cell. These two calibrations were found to be 
identical. 

The measurement of high voltage at radio fre- 
quencies is more difficult and was accomplished by 
using a capacitance voltage divider and a Sylvania 
low-voltage, radio frequency, vacuum tube volt- 
meter. This combination was calibrated against an 
RCA Type MI-13533A radio frequency voltmeter 
ysed as standard. Calibration was accomplished at 
each frequency used because the capacitance of the 
nominal 2500 yyufd end of the voltage divider was a 
function of frequency. 

As a check on the RCA meter used as a standard, 
the following test was performed: a 70 uufd capacitor 
was connected from the probe electrode of the divider 
to ground so that the resulting divider had a divi- 
sion ratio of approximately 100:1. A radio frequency 
voltage of roughly 150 volts was applied to the high 
voltage lead; this voltage and the quotient voltage 
were measured by a General Radio type 1800A radio 
frequency voltmeter. This established the division 
ratio at this frequency. The RCA standard was then 
connected to the high voltage lead and the General 
Radio meter was connected to read the quotient 
voltage. Results of this test showed that the RCA 
meter reading and the measured divider ratio times 
the General Radio meter reading differed by only 
one per cent. 

The capacitance divider was connected as closely 
as possible to the test cell so that there would be a 
minimum of impedance between the sphere gap and 
the point at which the high voltage was measured. 


Irradiation 


The source of radiation was a mercury are lamp 
with a quartz envelope. This lamp was mounted on 
the cylinder and the ultraviolet light was trans- 
mitted through the special glass window. The ir- 
radiation Was maintained constant throughout the 
experiment since the position of the source was fixed. 


Associated Equipment 


A Ceneo Hyvae vacuum pump was used to evacu- 
ate the test cell. This pump was shock mounted on 
the bottom of the equipment table and was con- 
nected to the apparatus by a large copper tube. The 
vacuum Was measured by a vacuum thermocouple 
gauge which was calibrated against a McLeod gauge. 

The sulfur hexafluoride was supplied in a gas 
cylinder at a gauge pressure of 250 lb/in.? This 
pressure was reduced to the range 0-20 Ib/in.? by a 
standard gas regulator. 

Other investigators (3) have shown that the lower 
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valence fluorides of sulfur and fluorides of metals 
used in the construction of the apparatus may be ef- 
fectively removed by activated alumina. The sulfur 
hexafluoride was filtered through a two-foot column 
of activated alumina before passing into the test 
cell. 

The pressure was measured by a standard bour- 
don-type gauge which was calibrated against a stand- 
ard gauge. 

Measuring Procedure 


In order to remove as much air as possible the 
pressure system, which had been previously evacu- 
ated and filled with sulfur hexafluoride, was closed 
off and the cell was evacuated to a pressure of 3 
microns. The cell was then flushed with sulfur hexa- 
fluoride and again evacuated to a pressure of 3 
microns. The vacuum system was then closed off and 
sulfur hexafluoride was admitted to the test cell. 
The pressure was adjusted by means of a conven- 
tional type pressure regulator. Several cell volumes 
of gas were allowed to pass through the cell before it 
was sealed. 

The movable sphere was adjusted to touch the 
other sphere to establish the zero for the micrometer. 
The gap separation was then set at the desired value 
by the adjusting screw and the micrometer. 

The ultraviolet source was turned on and the 
voltage raised until a breakdown occurred. The 
breakdown was detected by observing the voltmeter 
in the measuring circuit. The breakdown caused the 
voltage across the gap to drop and at this time the 
voltage source was manually de-energized. 

Preliminary tests showed that the breakdown did 
not contaminate the gas by the formation of by- 
products to any appreciable extent. Thus it was not 
necessary to introduce a new sample of gas for each 
breakdown. Since the voltage was removed quickly 
after each spark, the electrodes remained unpitted 
for many breakdowns. When a breakdown caused 
surface damage, it resulted in an apparent reduction 
in breakdown strength of the sulfur hexafluoride and 
was then obvious to the operator. 

At each frequency the breakdown voltage was 
measured for various gap settings at a specific pres- 
sure. Gas was then admitted or released to establish 
a different pressure and the process repeated. For 
each gap setting and pressure three breakdowns were 
observed (using the same sample of gas), and the 
maximum deviation was found to be less than +2 
per cent in all cases. The spheres were then changed 
and the entire process repeated twice. Thus, nine 
values of breakdown voltage were obtained for each 
pd (pressure X gap length) values. The maximum 
deviation in these nine values was found to be less 
than +3 per cent. 
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EXPERIMENTAL RESULTS 


In a preliminary study, spheres of brass, copper, 
aluminum, zinc, and chromium plated brass were 
employed. All of these, with the exception of the 
plated spheres, were found to be satisfactory. After 
20 breakdowns the surfaces were unpitted, and there 
was no evidence of any chemical reaction with the 
sulfur hexafluoride. The chromium plated spheres 
were unsatisfactory because the plating ruptured 
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Fig. 4. Electric strength of SF, between 2 cm diameter 
brass spheres at gauge pressures of: 1-5 psi; 2-10 psi; 3-15 
psi; and 4-20 psi. 


after a few breakdowns. This was probably due to 
the different rates of expansion of the brass and 
chromium. 

The breakdown strength of sulfur hexafluoride was 
found to be the same, within the experimental ac- 
curacy of +3 per cent, for all of the frequencies 
tested. For this reason the 60-cycle and 16-megacycle 
data are only plotted in the curves of Fig. 4. Plots of 
these same data showing the effect of pressure on 
the breakdown voltage for three different gap separa- 
tions are shown in Fig. 5. 

The effect of irradiation and cathode material on 
the breakdown strength of sulfur hexafluoride at 60 
cps and 5 lb/in.? (gauge) pressure is shown by the 
curves of Fig. 6. The same level of irradiation when 
applied to the sphere gap with air as an insulator did 
not lower the breakdown voltage. However, irradia- 
tion did reduce the statistical time lag for air. If a 
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Fic. 5. Electric strength of SF, between 2 cm diameter 


brass spheres at separations of: 1-0.01 in.; 2-0.02 in. 
and 3-0.03 in. 
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Fig. 6. Electric strength of sulfur hexafluoride at 60 cps 
using: 1—copper electrodes, and 2—zine or aluminum elec: 
trodes. These data correspond to a pressure of 5 |b/10- 
gauge. 


gap in air failed at a certain potential V, with ir 
radiation, when the irradiation was turned off and 
the voltage brought up to V,, the gap would agal! 
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jail, but in some cases the voltage V, had to be 
maintained for half a minute or longer before failure 
oecurred. 


Discussion OF RESULTS 


For the brass spheres and irradiation level used 
the electric breakdown strength of sulfur hexafluo- 
ride was found to be essentially independent of 
frequency. As has been suggested by Bright (6) the 
negative ions formed tend to balance out the field 
due to the positive ions. 

It is of interest to calculate the value of E/p 
(yolts/em/mm of Hg) at which breakdown occurs. 
Since the spheres have a radius of 0.394 in. and the 
maximum separation is 0.05 in. the maximum field 
intensity, Which occurs at the surfaces, is 8 per cent 
greater than voltage applied to the spheres divided 
by the minimum separation between the two spheres. 
For a separation of 0.010 in., the deviation from the 
average field is only 1 per cent. Assuming a uniform 
field, the breakdown curve at a gauge pressure of 
5 lb/in2 corresponds to an E/p of 130, for the curve 
at 10 Ib/in., 125, for 15 Ib/in.?, 125, and for the 20 
lb/in2 curve E/p is 121. 

Although an analysis of the ions formed was not 
undertaken in this investigation, other investiga- 
tors (7) have analyzed the ionization of C Cl.F, 
and found both F*+ and F- ions. The probability of 
the formation of F* and the probability of the forma- 
tion of F- are both functions of E/p, although the 
exact forms of these functions are not known. At a 
value of 2 /p of approximately 125 the difference in 
the probabilities must allow a space charge to build 
up and initiate the breakdown. Loeb (2) has shown 
that negative ions in oxygen lose their electrons in 
felds in the region of E/p equal to 90 volts/em/mm. 
Mohr and Weissler (8) believed that negative ions in 
CF.Cl, could be stable up to £/p greater than 200. 

The variation of sparking potential with pressure 
is a straight line up to a gauge pressure of 20 lb/in.?, 
as shown in Fig. 5. This is the same result obtained 
by Chapman and Camilli (9). There are no other 
data available for the breakdown strength of sulfur 
hexafluoride in uniform fields at the separation used. 
A rough correlation may be obtained by comparing 
the results of this investigation with the breakdown 
strength of nitrogen as published by Bright (6). 
The results of this investigation show that the break- 
down strength of sulfur hexafluoride is approxi- 
mately 1.64 times the strength of nitrogen. The re- 
sults of Chapman and Camilli (9) show the electric 
strength of sulfur hexafluoride to be 1.57-1.76 times 
the electrie strength of nitrogen in uniform fields. 
Both of these results are lower than the ratio of the 
electri strength of sulfur hexafluoride compared to 
litrogen of 2.3-2.5 as published by Hockberg (5). 
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The quartz mercury arc is not considered an in- 
tense source of radiation and its effect on breakdown 
in air is only to reduce the statistical time lag of 
breakdown (2). This agrees with the results of the 
present investigation as the source of radiation was 
not found to lower the breakdown voltages in air. 

However, the fact that this same value of irradia- 
tion in sulfur hexafluoride causes a reduction in 
breakdown voltage of approximately nine per cent 
suggests that some mechanism is active in the elec- 
tronegative gas which does not take place in air. 

When photons collide with atoms they produce 
results analogous to those caused by electrons of 
equivalent energy; the equivalent energy being given 
by the relation hV = % mv’*. There are, however, 
important differences between collision processes in- 
volving photons and those involving electrons, as 
might be expected, owing to the fact that a photon 
has no “rest mass” and possesses no electrical charge. 
A photon can generally only excite an atom when it 
has exactly the required excitation energy, whereas 
an electron may cause excitation when it has any 
energy greater than the critical energy (10). 

The ionization potential of air, if taken as that of 
nitrogen, is 15.57 volts. Photons having wavelengths 
in excess of 792 A will not have sufficient energy to 
effect photoionization. Sulfur hexafluoride has an 
ionization potential of 19.3 volts which corresponds 
to an even shorter photon wavelength. The window 
used in the test cell employed in these experiments 
was opaque to radiation wavelength below 2,000 A. 
Thus, one would not expect irradiation transmitted 
by the window to ionize the contents of the test 
cell directly, whether air or sulfur hexafluoride. 

The high electrical breakdown strength of sulfur 
hexafluoride resides in its ability to trap or attack 
electrons to form less mobile negative ions. A mech- 
anism which would detach these electrons and put 
them ‘‘back in circulation”? would weaken this gas as 
a dielectric. The absorption of light has been sug- 
gested as a possible method of detachment of elec- 
trons from negative ions (11). The removal of the 
electron from a negative ion of fluorine is possible 
under the conditions of this test since the electyon 
affinity of the fluorine ion is only four volts (epr- 
responding to a photon wavelength of 3084 A). How- 
ever, this mechanism, since active only in the gas, 
should not be affected by the cathode material. 
Under the conditions of these tests the breakdown 
strength of sulfur hexafluoride was found to be 
higher for copper than for aluminum or zinc elec- 
trodes. One is therefore led to suspect photoelectric 
emission at the electrodes or the enhancement of the 
photocurrent resulting therefrom as causing the ob- 
served effects of cathode material and irradiation 
level. 
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In the discussion which follows it should be pointed 
out that the curve marked “Not Irradiated” in 
Figure 6 is a curve showing data which were taken 
with the irradiation window exposed to the ambient 
illumination of the laboratory. 

The photoelectric work functions of the materials 
used as electrodes are: copper (4.5—4.1), aluminum 
(2.5-3.6), and zine (3.68-3.32) (3). The reason for 
this range in the value of the work function of a 
material is apparent if one reviews the work of 
Hardy and Craggs (12). These investigators have 
shown that the photoelectric current from a surface 
depends on the surface conditions as well as the 
previous irradiation of the surface. Then a quantita- 
tive computation of the relative number of elec- 
trons produced by different materials when exposed 
to the same irradiation would be meaningless. 

From the results of Hardy and Craggs and the 
published work function values, one may conclude 
that for a given intensity of ultraviolet irradiation 
copper would emit fewer electrons than would zine 
or aluminum. This suggests that the observed reduc- 
tion in breakdown voltage with materials of low work 
function depends on the initial photoelectric current. 

According to the Townsend mechanism of the 
spark, the current is given by: 
ila — Be 


— 


where: a = first Townsend coefficient; 8 = second 
Townsend coefficient; x = gap separation; i, = 
photoelectric electron current; neglecting 8 in com- 
parison to @ this equation becomes: 


a — Bex” 


When the denominator of this equation approaches 
zero the current «1 becomes infinitely large irrespec- 
tive of the value 7,. Townsend in 1902 interpreted 
this as representing the condition for the initiation 
of a spark. For a time experiment appeared to bear 
out this conclusion, and V, was found in a limited 
range of values of 7, to be independent of 7,. In 
1934, White (13) discovered that when 7, was in- 
creased 10° times, by using a spark for an ultra- 
violet source instead of a quartz Hg lamp, the value 
of V, was reduced about 10 per cent. 

Loeb (2) suggests that the Townsend equation is 
a steady-state equation and was never intended to 
be a condition for a transient phenomenon such as 
a spark. He also states that the correct criterion for 
a spark is that 7 increases to some value 7%, which 
marks the beginning of current instability. At this 
current, %, space charge accumulations suddenly 
develop, or existing ones alter, so that for a constant 


potential applied, ¢ changes abruptly to some large, 
value and continues at this value in absence o! i, |; 
is this abrupt transition that defines the spark in its 
broader aspect. 

White (13) suggests essentially the same criterion, 
that when the number of positive ions in the gap 
reaches a certain value, breakdown occurs. In the 
explanation of the reduction of the sparking poten. 
tial by 10 per cent with intense illumination, the 
following analysis is offered (13). The number o 
positive ions (NV) or electrons produced by collisioy 
ionization is given by N = N,e**. One may write 
N. = e” so that N = e“*”*. Then for small jl. 
lumination intensities V, will be small, and conse. 
quently y will be negligible compared to a. However. 
for larger illumination, N, will be large and y wil 
be comparable to a. The smaller intensities affect 
only the time lag of the spark. 

In the case of electronegative gases, the formatio, 
of negative ions and the relatively inelastic electro: 
impacts tend to decrease materially the first Towo- 
send coefficient (8). Since @ is small, one might ev- 


TABLE I 


60 cps volts 18 megacycles. ‘sx 


Material 


(rms)/mil volts (rms)/mil 
Glass silicone laminate 468 71.2 
Polystyrene. ...... 2275 1590.5 
Polyethylene 1338 205.0 
Paper phenolic laminate. . 729 18.3 
306 27.4 


pect that y will be comparable to a, and the effect 
of irradiation will be to reduce the sparking po- 
tential. This is then somewhat analogous to the 
case where a is large, compared to the a of electro- 
negative gases, but y is made comparable to a by 
increasing the irradiation to very high levels. 


CONCLUSIONS 


At low frequencies, sulfur hexafluoride does not 
have a breakdown strength comparable to the bes! 
solid insulators. At a gauge pressure of 20 Ib /in.’, the 
electric strength was found to be 390 volts (rms) pe! 
mil and this value was constant in a uniform field 
up to a frequency of 16 megacycles per second. 0 
the radio frequency range the value of 390 volts 
(rms) per mil exceeds the strength of most solids 
As a means of comparison Table I shows the ele 
tric breakdown strength of some solid insulators (4). 
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mination of their mechanical properties. 


Iodide vanadium has excellent ductility, moderate strength, and a high modulus of 
elasticity. The cold workability of iodide vanadium was evaluated by the use of cold 
rolling and flow-curve data. The metal was found to have a high capacity for cold work 
and could be cold rolled to give a ninety per cent reduction without intermediate an- 


nealing. 


INTRODUCTION 


In 1801 Von Humbolt (1) announced the dis- 
covery of a new metal associated with the lead ores 
of Mexico, but the identity of the metal now known 
to be vanadium was not clearly established. About 
30 years later, Wohler (2) succeeded in isolating the 
metal from an iron ore found in Taberg, Sweden. 
It was named vanadium from the Scandinavian 
goddess, Vanadin. 

For over a hundred years, investigators attempted 
by various methods and techniques to prepare the 
pure metal. Practically all attempts proved unsuc- 
cessful, and one worker concluded his investigations 
by saying that he knew of no metal more difficult 
to prepare in the pure state than vanadium. 

The first successful attempt to produce ductile 
vanadium was reported by Van Arkel (3), who used 
the iodide decomposition process previously used by 
Van Arkel and de Boer to prepare high purity zir- 
conium and titanium. Since that time, a number of 
processes have been developed for the preparation 
of ductile vanadium. McKechnie and Seybolt (4) 
have reported the preparation of ductile metal by 
calcium reduction of the trioxide in the presence of 
iodine. Lilliendah! (5) and coworkers fabricated duc- 
tile rod, wire, and sheet from a powder produced 
by calcium reduction of vanadium trioxide. Rela- 
tively pure metal which is suitable for working or 
remelting has been produced (6). Facilities for pro- 
ducing 100 pounds of massive ductile vanadium per 
day are reported with indications that any reason- 
able demand in the near future can be met. 


' Manuseript received August 12, 1952. This paper was 
prepared for presentation before the Philadelphia Meeting, 
May 4 to 8, 1952. 
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ABSTRACT 


Massive vanadium was prepared by the hot-wire reduction of vanadium iodide vapor 
by both the Van Arkel-de Boer method and a straight-flow process. 

The iodide decomposition provides an excellent method of obtaining small quantities 
of vanadium exceptionally lowin nonmetallic impurities. Metal prepared by the straight- 
flow process could be worked directly, but specimens prepared by the Van Arkel-de Boer 
process were not satisfactory for direct fabrications and were arc melted prior to a deter- 


Despite all the progress which has been made, 
however, the iodide process still offers the best 
method of obtaining metal of high purity in small 
quantities. Other methods require the use of either 
powder metallurgy or fusion techniques to consoli- 
date the metal, and this leads to further contamina- 
tion during processing. 

The purpose of the work reported here was to 
prepare a quantity of high purity metal for a funda- 
mental study of the physical properties of vanadium. 
This paper describes the process and presents data 
on some of the physical properties and working 
characteristics of the metal. 


Discussion OF DEPOSITION PROCESS 


In the method as used initially by de Boer, crude 
metal is reacted with iodine in an evacuated vessel 
to form volatile iodides which are decomposed on a 
heated filament to form a coherent deposit of high 
purity metal. The liberated iodine then resumes its 
function as a carrier. The successs of this process 
in producing pure metal from crude metal containing 
large quantities of oxygen and nitrogen lies in the 
fact that neither the nitrides nor the oxides are 
attacked appreciably by iodine under the conditions 
of operation and, hence, oxygen and nitrogen ar 
transferred only to a very limited extent. 

When the conventional! de Boer bulb was used to 
prepare vanadium, the final product was loosely 
knit and the crystals were nonuniform in size. They 
consisted of a number of spines or acicular-like 
crystals which projected from a core of varyilig 
cross sections, as shown in Fig. 1. A deposit of this 
type is not satisfactory if the as-deposited rod is (0 
be fabricated directly. However, such a deposit ©! 
be fabricated readily after it has been consolidate 
by melting. 
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The cause of the uneven deposits was unknown, 
but seemed related to the instability of the iodides. 
Vanadium diiodide must be heated to 800°-900°C 
to obtain satisfactory rates of sublimation, but in 
this temperature range, the diiodide unfortunately 
tends to dissociate. 

It was felt that operation at reduced pressure 
would give a better opportunity for obtaining a co- 


Fic. 2. Smooth deposit of vanadium 


herent deposit. The de Boer process was, therefore, 
abandoned, and provision was made for the con- 
tinual draw-off of iodine, rather than permitting it 
to function as a carrier. For such a straight-flow 
process, a separate vaporizer would normally be used, 
but this proved to be unsatisfactory for vanadium 
because of the low volatility of the diiodide and its 
tendency to disproportionate. It was therefore de- 
cided to prepare the diiodide, in place, in close 
proximity to the filament, and to continually re- 
move the liberated iodine under high vacuum during 
the deposition process. 


PREPARATION OF IODIDE VANADIUM . 


This straight-flow process gave a _ relatively 
smooth, uniform deposit of high purity, as shown in 
Fig. 2. 


EQuIPMENT AND PROCEDURE 


The bulbs were charged with 14-in. lumps of 
crude vanadium, placed on ledges around the out- 
side of a perforated molybdenum can. Approximately 
two pounds of crude metal were required to charge a 
100-mm Vycor bulb. The flat Vycor cap was 
equipped with two !4-in. tungsten electrodes with 
a uranium glass-tungsten seal. After the bulb was 
charged, the cap was sealed to the bulb and the unit 
was tested for leaks. 
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Fig. 3. Schematic design of equipment used in producing 
iodide vanadium. 


An iodine boiler made of Pyrex and large enough 
to hold approximately two pounds of iodine was 
sealed to the bulb. The entire assembly was posi- 
tioned, sealed to the vacuum system, evacuated, 
and the bulb heated to 900°C to outgas the unit. 
The outgassing was continued until a vacuum of the 
order of 10-* mm or better was maintained. The 
bulb was then cooled to room temperature, and 
sufficient argon was admitted through a liquid-air 
trap to bring the pressure to one atmosphere. 

A weighed quantity of iodine (600-900 grams) 
was then added to the boiler while a counterflow of 
argon was maintained. The iodine inlet to the boiler 
was sealed off, and the assembly evacuated to 10~ 
mm. The boiler was then isolated from the vacuum 
system by sealing the constriction, as shown in the 
schematic drawing, Fig. 3. 

The bulb was heated to 900°C and the iodine 
vaporized slowly into the bulb where it combined 
with the crude vanadium to form the diiodide. Over- 
night heating was required to insure maximum reac- 
tion between iodine and crude metal. When the iodi- 
nation reaction was complete, the bulb assembly was 
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TABLE IL. Chemical and spectrographic analysis 
Constituents As-received® As-received® As-deposited® 
) /O 


€ 


Iron 2.05 3.48 0.01-0.05 0.07 
Aluminum vy 1.00 0.01 0.01-0.05 | 0.005 trace 
Chromium 0.001-0 .005 0.002 trace 
Manganese : 0.04 0.01 0.001 Not detected 
Molybdenum — 0.003-0 .008 0.005 
Oxygen ‘ii 4.36 chiefly oxygen 0.015 0.033 0.012 
Nitrogen 7 — 0.0007 0.7 0.008 
Hydrogen 0.005 0.007 0.005 
Hardness, Vickers 350 144.5 431 S4 


Ductile No Yes No Yes 


* Analysis by Vanadium Corporation of America. 
» Analysis by Battelle Memorial Institute. 
* Analysis by Carbide and Carbon Chemicals Corporation. 


TABLE II. Mechanical properties of high purity vanadiuy 
cold rolled 90 per cent, followed by annealing 
& | or 1 hour at 800°C 
Modulus of elasticity, psi 20, 100,000 
pos Proportional limit, psi 12,200 
erave pete 0.1% offset, vield strength, psi 15,300 
0.2% offset, yield strength, psi 16,700 
200 300 400 500 GOO TOO BOO Ultimate strength, psi 31,600 
Anneoling Temperature, C Elongation, % in 1 in. 17* 
Reduction in area, % 75 
4. Effect of annealing temperature on the hardness bend OT (through 
and grain size of high purity vanadium cold rolled 90 per 180° angle) 
cent. (Annealed for 1 hour at temperature.) 64 
a * Broke outside the gauge marks; uniform elongation 


reported. 


Vickers Hordness Number 


10 20 30 40 50 


Reduction’ by Cold Work, per cent 


Fic. 6. Effect of cold work on the hardness of annealed 
high purity vanadium. 


Fic. 5. Microstructures of high purity vanadium an- 


nealed 1 hour at temperature after cold rolling 90 per cent 
reduction. (Etched in 1 part HNO,, 1 part HF, and 2 parts 
water.) (A) 1 hr at 500°C; (B) 1 hr at 600°C; (C) 1 hr at | 
700°C; (D) 1 hr at 800°C; (E) 1 hr at 900°C; (F) 1 hr at sof — —+ tt TTT 
cooled to room temperature, the iodine boiler re- 3 1 | tt] | | | | 
moved from the assembly, and the amount of diio- oom 


dide formed was calculated from the quantity of ee Coe, Fee 
iodine reacted. Fig. 7. Flow curve for high purity vanadiun 
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The bulb was then connected to the vacuum 
system, evacuated to mm, and heated slowly 
to ga0° to 900°C. The filament was then heated to 
approximately 1400°C, as determined by an optical 
pyrometer, to initiate deposition. 

A variable-voltage transformer was used to con- 
trol the filament current which must be carefully 
regulated at the outset in order that a uniform 
deposit may be obtained. The rate of the deposition 
was controlled within limits by regulating the fila- 
ment temperature. This was done by periodic ad- 
justment of the applied voltage on the observed 
temperatures as read with the optical pyrometer. 

Although normally the voltage was gradually di- 
minished, it was occasionally necessary to boost the 
voltage in order to continue the deposition. The 
initial and final filament voltages and currents in a 
typical reaction ranged from 0.6 amp at 12 volts to 
82 amp at 8.5 volts. A typical deposit weighed 
approximately 50 grams. 
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Fic. 8. Effeet of cold work on the yield strength of high 
purity vanadium as predicted from true stress-strain data. 


MecHaNIcaAL Properties oF HicH 
Purity VANADIUM 

A complete analysis of the as-deposited metal used 
for this study is given in Table I. 

Melting and fabrication Twelve grams of vana- 
dium were are melted in a water-cooled copper 
hearth under 10 em of Hg pressure of high purity 
argon (99.92% argon). The Vickers hardness of the 
are-melted ingot was 70. 

After melting, the ingot was cold rolled to 0.040- 
in. sheet, a total reduction of 90 per cent, with no 
intermediate anneals. The Vickers hardness of the 
cold-rolled vanadium was 120. Prior to annealing 
the cold-rolled sheet, a study of the recrystallization 
temperature and grain growth was made. Samples 
of the cold-rolled material were annealed in an argon- 
atmosphere furnace for one hour at temperatures of 
900° to 1000°C and quenched in water. The effect 
of annealing temperature on the Vickers hardness 
and grain size is shown in Fig. 4. The micro- 
structures at each annealing temperature are shown 
in Fig. 5. From these data, an annealing treat- 
men! at one hour at 800°C was chosen as the con- 
dition for producing the vanadium in a fine-grained, 
equinxed form for testing. 
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Mechanical properties.—The conventional tensile 
properties, bend ductility, and hardness values of 
the annealed vanadium are given in Table II. The 
modulus of elasticity, proportional limit, and yield- 
strength values were calculated from the load-elonga- 
tion data obtained by using electrical strain gauges. 
The specimen broke outside the gauge marks, and 
no total elongation could be obtained. However, the 
high reduction in area is indicative of the high degree 
of ductility that can be obtained with high purity 
vanadium. The bend radius was obtained using a 
set of dies with radii ranging from 14 in. to a sharp 
edge. The specimen was bent through an angle of 
105° using the sharp-radius die. It was then re- 
moved from the die and bent flat, or through an 
angle of 180°. 

Cold-working characteristics——Two methods were 
used for determining the cold-working characteris- 
tics of vanadium. A cold-work vs. hardness curve 
was obtained by measuring the hardness at every 
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Fic. 9. Correlation of Vickers hardness and yield strength 
for cold-worked high purity vanadium. 


10 per cent reduction during a cold-rolling test. 
These data are given in Fig. 6. The other method 
consisted of plotting a true stress-strain curve from 
data obtained during the tension test. These data 
not only provide information on the flow charac- 
teristics of a metal, but also can be used to predict 
what the yield strength of that metal will be for any 
given reduction by cold work. The true stress-strain 
curve for vanadium is given in Fig. 7, and the yield 
strength vs. cold-work curve derived from the true 
stress-strain data is given in Fig. 8. From the effect 
of cold work on both the hardness and yield strength, 
a prediction can be made of the relationship between 
hardness and yield strength of cold-worked vana- 
dium. This relationship is shown in Fig. 9. 


Any discussion of this paper will appear in a Discussion 
Section, to be published in the December 1953 issue of the 
JOURNAL. 
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Electroplating on Beryllium” 


Joun G. Beacu AND L. Faust 


Battelle Memorial Institute, Columbus, Ohio 


ABSTRACT 


Two methods for electroplating on beryllium are discussed; one method involves 
electrochemical and chemical activation of the beryllium for direct plating with other 
metals, and the other involves an intermediate replacement zinc film on the beryllium 
surface. Chemical polishing of beryllium is described. Alloying of the beryllium with 


INTRODUCTION 


Beryllium is a light, hard, brittle metal. It is 
lighter than aluminum and heavier than magne- 
sium. Metallurgical and mechanical fabrication of 
beryllium are complicated by its brittleness, and, 
as one machinist emphasized: “Treat the stuff as 
glass.’’ Chemically and electrochemically, beryllium 
is similar to aluminum, zinc, and magnesium. There- 
fore, methods for plating on these metals (1) were 
considered. 

Reduction of metal iodides and carbonyls on bery|- 
lium surfaces had been explored, but not pursued, 
because of the greater ease of electroplating metals. 
The work of Kolodney [reported (2) at a later date] 
describes a method for electroplating on beryllium. 
Comparison of the above process with the one re- 
ported herein for direct plating on beryllium was 
made. Although both processes are satisfactory for 
thin electrodeposits (<1 mil), heavy electrodeposits 
such as silver (>2 mils) on beryllium using Kolod- 
ney’s process could be peeled, whereas comparable 
electrodeposits using the process reported herein 
could not be peeled. 


Meruops ror PLATING ON BERYLLIUM 
General Comments 


Some plating baths will attack beryllium and 
prevent satisfactory electrodeposition of another 
metal. For example, high acid baths containing sul- 
fate, chloride, fluoborate, or fluoride chemically 
attack an active beryllium surface. Chromic acid 
solutions passivate beryllium surfaces and prevent 
the direct deposition of adherent chromium. 

The flowsheet in Fig. 1 shows the over-all op- 
erations used to electroplate on beryllium. Eight 
variations in the preliminary preparation were used 
without noticeable effect on the adhesion. The re- 


' Manuscript received January 15, 1952. This paper was 
prepared for delivery before the Montreal Meeting, Octo- 
ber 26 to 30, 1952. 

* Based on work performed under AEC Contract No. 
7405-eng-92. 


the deposited metals and its effect on the as-plated adhesion are also discussed. 


commended procedure contains several precautionary 
operations that have not been fully evaluated. 

The plating methods were used for the prepara. 
tion of beryllium samples for testing and were prover 
adequate. Study of varying the operations has bee, 
limited. 


Preliminary Surface Preparation 


Descaling.—Heat-treating, extrusion, and rolling 
scales (oxides and/or nitrides) generally are not 
removed uniformly chemically. Since machining op- 
erations probably would precede any electroplating 
operation, scale removal was not considered a prob- 
lem. 

Cleaning.—Greases and oils are best removed by 
organic-solvent degreasing (vapor or contact). Resid- 
ual dirt is removed by cathodic cleaning in a caus- 
tic solution (e.g., 25 to 75 amp/ft? in 50 to 100 g/| 
NaOH or KOH at room temperature). Although 
solvent degreasing is generally sufficient, alkaline 
cleaning would be recommended when a number of 
parts are to be processed. 

Chemical polishing.—Chemical polishing to remove 
the as-machined beryllium surface was studied to 
provide uniformly sound metal for electrocladding. 
The following solution and conditions were used: 
5% HSO,, 75% H;PO,, 7% CrOs, balance water; 
120°F (49°C), 1 mil removed in 20 minutes. 

Since chemical polishing preferentially dissolves 
impurities and opens subsurface porosity, its use 
was limited to that of an inspection too! for machine 
damage. 

To determine if chemical polishing was causing 0 
propagating cracks, a 1l-in. diameter, as-extruded, 
beryllium rod (apparently free of cracks) was alter- 
nately cylindrically ground and chemically polished 
successively with the following observation: (a) As 
extruded, crack free; (b) Chemical polish, crack free: 
(c) Grind to true bar, no cracks apparent; (d) Chem- 
ical polish, circumferential cracks over length; (¢) 
Grind (—20 mils), no cracks apparent; (f) Chemical 
polish, fewer cracks; (g) Grind (—20 mils), no ap 
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parent cracks; (h) Chemical polish, remaining cracks 
concentrated at center ends of bar. These results 
preclude cracking by chemical polishing, and ap- 
parently cracks, once formed, can be removed by 
further machining. Cracking was attributed to a 
flexing stress during the first, cylindrical-grinding 
operation. 

Activating pickle. — Chemical polishing leaves a 
semipassive surface film, presumed to be beryllium 
oxide or chromate. Although this film is generally 
dissolved during subsequent operations, its removal 
in room-temperature sulfuric acid solutions is pre- 
ferred so as to more uniformly activate beryllium 
surface. Pickling for 44 to 4% minute in 10 per cent 
(by volume) of concentrated sulfuric acid at 80 + 
10°F (25°C) has been satisfactory. 


Direct Plating M ethod 


The following steps are used for adherent electro- 
plating directly onto beryllium surfaces (approxi- 
mately 0.5 mil of the beryllium surface is dissolved). 

(a) Anodic pickle: 10 volume per cent of 85% 
H,PO,; 2 volume per cent of 38% HCl; balance— 
water; 80 + 10°F (25°C); 100 + 50 amp/ft*; 2 
minutes. 

(b) Chemical pickle: concentrated nitric acid (70% 
HNO;); 80 + 10°F (25°C); 2 minutes. 

(c) Water rinse. 

(d) Acid dip: (for plating from alkaline baths) 
100 g/l ammonium sulfate (NH,).SO,; pH 2 with 
HSO,; balance—water; 80 + 10°F (25°C); 4 to 1 
minute. 

(e) Water rinse. 

({) Electroplate: aluminum, copper (baths I or 
ll), nickel (baths I plus IT), iron, and zine (bath I) 
can be adherently electrodeposited after step (c). 
Presumably, the sulfate, citrate, or tartrate inhibits 
the precipitation of beryllium hydroxide at the inter- 
lace, 

To electroplate metals such as silver or tin from 
highly alkaline solution, steps (d) and (e) are in- 
cluded. Again the sulfate inhibits the formation of 
beryllium hydroxide at the interface. 

An advantage of this method is direct applica- 
tion of most of the electrodepositable metals. A dis- 
advantage is the preferential dissolution of inclu- 
sions (such as extrusion stringers, etc.) during anodic 
pickling, resulting in voids which are difficult or 
impossible to bridge. 


Zinc-Immersion Methods 


This method is similar to those used to electro- 
plate on aluminum and magnesium and depends on 
the application of an adherent, immersion-zine film 
onto the beryllium surface. Since the zine film is 
chemically active, the initial electroplate must be 
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from a bath usable for plating on zinc. The follow- 
ing steps were used to electroplate copper plus chro- 
mium on beryllium: 

(a) Zine immersion: 120 g/l—Na,P20;7; 40 g/l— 
ZnSO,:7H,0; 7.5 g/l—NaF; 5 g/l—K.CO;; pH 7.5 
to 8.0—H.SO, and H;P0,; 180+°F (82+°C) 5 minutes’ 
immersion. 

(b) Cold water rinse. 

(c) Copper plate (bath III). 

(d) Water rinse. 

(e) Outgas: heat for 30+ minutes in boiling water. 

(f) Cyanide dip: 45 g/\—NaCN; 80 + 10°F (25°C) 
—l4 to 1 minute. 

(¢) Water rinse. 

(h) Acid dip: dip in 3N sulfuric acid at room 
temperature (80 + 10°F) (25°C). 


Orrect Piloting Method 


| | C= 


Fic. 1. Flowsheet of the operations used to electroplate 
on beryllium. 


Water rinse. 

(j) Chromium plate. 

The copper plate (step c) is to protect the zinc 
film during subsequent chromium plating. Nickel 
(bath I), iron, and zine can also be plated directly 
over the zine film. 

Outgassing (step e) prevents blistering of the cop- 
per. 

An advantage of this method is the formation of a 
more uniform surface for plating. A disadvantage 
might be the required zine film. 


Plating Baths 


Aluminum.—Aluminum can be plated directly on 
pretreated beryllium from a nonaqueous (organic) 
electrolyte composed of ethyl pyridinium bromide- 
aluminum chloride eutectic (3). After anodic and 
chemical activation, the beryllium was rinsed and 
dried with alcohol, then immersed in benzene be- 
fore plating. The aluminum (1 mil) could not be 
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peeled or cut off at the aluminum-beryllium inter- 
face. 

Chromium.—Chromic acid solutions passivate be- 
ryllium surfaces. Therefore, chromium is plated over 
another intermediate metal on beryllium. In this 
work, copper over immersion-zinc film was used as a 
basis for chromium plating. Chromium was plated 
from a standard chromic acid bath (400 g/l CrQy, 
4 H.SO,, balance—water) using 110 amp/ft® at 
113°F (45°C) or 220 amp/ft® at 130°F (54°C). 

Copper.—Copper can be plated directly on beryl- 
lium (baths I and II) and on the immersion-zine 
film (bath III). Acid, copper sulfate, plating baths 
chemically attack beryllium and zinc, preventing 
satisfactory deposition, unless preceded by a strike 
plate. 

1. Copper pyrophosphate bath: “‘Unichrome” proc- 
ess, United Chromium Corporation; pH 8.5; 140°F 
(60°C); 40 amp/ft*. 

Il. Cyanide bath: 30 g/l NaCN; 22.5 g/l CuCN; 
15 g/l NaCO,; 0.5 g/l NaS.O;; pH 9 with tartaric 
acid; 120°F (49°C); 25 amp/ft’. 

III. Cyanide bath: 46 g/l NaCN; 26 g/l CuCN; 15 
g/l K.CO,; 7.5 g/l KOH; 22.5 g/l NaF; pH 13.2 + 
0.1; 130°F (54°C); 30 amp/ft? 1 minute, 15 amp/ft? 
thereafter. 

Tron.—Attempts to plate iron directly on beryl- 
lium using iron-plating methods reported in the litera- 
ture were unsuccessful. The baths attacked the beryl- 
lium and/or produced pitted deposits. 

Iron was plated directly on beryllium using a 
modified bath: 300 g/l FeSO,-7H,O; 42 g/l FeCl.- 
4H.O0; 35 ¢/1 H;BO,; 15 g/l NaCOOH; 15 g/l 
SO,; 1 g/l Duponol ME; pH 4.0; 140°F (60°C); 
40 amp/ft?. 

The bath is also suitable for plating over zinc. 

Nickel. — Nickel can be plated on beryllium 
directly and after immersion-zine coating. A strike 
nickel plate (bath I) is required to protect the beryl- 
lium and/or the zine from chemical attack. 

I. Strike nickel bath: 143 g/l NiSO,-7H.O; 75 
g/| MgSO,-7H.O; 15 g/l NH,CI; 15 g/l H,BO,; 
20 ml/l XXXD*; pH 5.5 + 0.1; 90°F (32°C); 15 
amp /ft®. 

The thickness of the strike nickel plate required 
to protect the beryllium and/or the zine will vary 
with the characteristics of the beryllium surface. 
In this work, 0.3 to 0.4 mil (30 minutes at 15 amp/ft*) 
was used on beryllium. Thicker deposits were built 
up in the following bath: 

II. Nickel-plating bath: 300 g/l NiSO,-7H,O; 50 
g/} NiCl,.-6H,O; 35 g/l H,;BO;; 15 g/l NaCOOH; 
20 ml/l XX XD*; pH 4.0; 140°F (60°C); 40 amp/ft*; 
1 mil per 30 minutes. 


* Proprietary addition agent, Harshaw Chemical Com- 
pany. 
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Silver.—Silver can be plated directly on berylliyn 
using a strike bath as for plating silver on copper 

I. Silver-strike bath: 4.5'g/l AgCN ; 70.0 Nacy 
80 + 10°F (25°C); 7.5 amp/ft?; 5 minutes. 

Thicker silver deposits are built up in a silver. 
plating bath. 

II. Silver-plating bath: 75 g/l AgCN; 112 g| 
KCN; 22.5 g/l KeCO;; pH 13.0 with KOH; 120% 
(49°C); 25 amp/ft?; 1 mil per 15 minutes. 

Tin.—Tin can be plated directly on berylliun: 
150 g/l NaSnO,;-3H,O; 15 g/l NaOH; 22.5 ¢| 
NaC,H,O,; 150°F (66°C); 25 amp/ft*. 

Zinc.—Zine can be plated on beryllium direct) 
or after immersion-zine coating: 240 g/l ZnS0, 
7H,O; 15 g/l NH,Cl; 30 g/l Alo(SO,);-H.O; 70 
MgSO,-7H.,0; | g/1 licorice; pH 4.0; 804°F (25°C 
25 amp/ft*. 

Alkaline zine baths could also be used with the 
advantage of better covering power. 

Other metals.—Other electroplated metals can be 
applied directly on beryllium or over another meta 
that can be electrodeposited directly. Direct plating 
requires a bath that does not chemically attack 
beryllium. Modification «* certain baths might be 
necessary. 


Outgassing 


Hydrogen absorbed during pickling, chemical po!- 
ishing, and/or plating, if not removed, can destro) 
a good as-plated bond. Atomic hydrogen enters the 
beryllium and can be outgassed through thin electro- 
deposited metals. If the atomic hydrogen combine: 
to form molecular hydrogen under the electroplate, 
it is trapped and exerts high stress at the interface 

Periodic outgassing eliminated blistering in this 
work. The method of outgassing depended on the 
amount of hydrogen entering, the permeability 0! 
the electrocladding to hydrogen, and the subsequen' 
operations. 

Heat treating at 932°F (500°C) was used to out- 
gas iron-plated beryllium prior to nickel plating 
Outgassing occurred at room temperature in thre 
to five weeks. When cutgassing of the iron wa 
omitted, the composite iron-nickel electroplate blis 
tered at the iron-beryllium interface. 

Chemically polished beryllium was outgassed by 
heating in boiling water for 30 minutes. After zine- 
immersion coating and copper plating, the bery!lium 
was. again outgassed similarly. Omitting either out- 
gassing step generally resulted in blistering of the 
copper plate within twenty-four hours. 


DIFFUSION AND ALLOYING 


Diffusion at elevated temperatures comp |icated 
the protection of beryllium by electrode} osited 
metals. If little or no diffusion occurred, se ™ 
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elevaied temperatures would be mainly a problem of 
corrosion protection. However, when diffusion oc- 
curs, it introduces a continually changing electro- 
plate-beryllium interface. 

Solid-solution alloying could probably maintain 
a satisfactory bond between the electrocladding and 
the beryllium, but the rate of diffusion would tend 
to dictate the usability of such an electrocladding. 
If intermetallic compounds (generally weak and brit- 
tle) were formed, a good as-plated bond would prob- 
ably be destroyed. When compounds are formed, 
apparently the crystal lattice is expanded, accom- 
panied by a volume change, forcing a separation 
of the electrocladding on beryllium. 

Nickel and beryllium start to diffuse at a tempera- 
ture between 662°F (350°C) and 752°F (400°C) in 
i8 hours. After 666 hours at 600°F (316°C), no 
alloying Was apparent. 

Iron and beryllium start to diffuse at a tempera- 
ture between 932°F (500°C) and 1022°F (550°C) 
in 18 hours. After 720 hours at 932°F (500°C), 
slight alloying was apparent. 

These observations suggest that electrodeposited 
nickel on beryllium should be considered for ex- 
tended use only at temperatures below 662°F 
350°C). Similarly, iron on beryllium should be con- 
sidered for extended use only at temperatures below 
32°F (500°C). Chromium over electrodeposited cop- 
yer on immersion-zinc-coated beryllium retained a 
good bond at elevated temperatures. The immersion 
zine and thin copper (0.2 mil) formed a solid-solution 
alloy with the beryllium. Diffusion of the chromium 
plate with a copper-zine-beryllium, diffusion-alloy 
surface was not observed. Heavy copper plate formed 
a brittle alloy with the zine and beryllium, resulting 
in spalling of the chromium plate at elevated tem- 
peratures, 


ADHESION TESTING AND INSPECTION 
Meruops 


BAdhesion tests are generally qualitative and de- 
structive. However, the adhesion of electroplated 
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metals on beryllium was estimated using the follow- 
ing tests: 

(a) Filing or grinding an edge of the plated sample 
so that the stress is across the electroplate-beryllium 
interface. This stress will be influenced by the 
strength and thickness of the electrodeposited metal. 

(b) Fracturing the electroplated beryllium sample. 

(c) Chiseling or prying with a knife at the electro- 
plate-beryllium interface. 

(d) Heat and quench. 

Nondestructive test methods for adhesion and 
other defects in electroclad samples were considered: 

(a) Chemical polishing was used to reveal machin- 
ing damage in the beryllium, presumably by re- 
moving a worked skin. 

(b) “Zyglo” and “Dycheck”’ examinations were 
used to reveal pits and cracks by use of a fluorescent 
oil or dye penetrant. These inspection methods are 
said to reveal defects, open to the surface, of less 
than 0.000005 in. However, subsurface defects are 
masked. 

(c) Magnetic-induction (Du Mont Cyclograph) 
testing, Magnaglo (magnetic-particle inspection), 
Reflectoscope, and Reflectogage (ultrasonic test 
methods) were considered. Evaluation beyond the 
scope of this investigation would be needed to apply 
these methods to electroclad metals on beryllium. 


Any discussion of this paper will appear in a Discussion 
Section, to be published in the December 1953 issue of the 
JOURNAL. 
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Copper-Activated Zine Sulfide Phosphors with Yellow and 


Red Emission’ 


H. C. Froe.icu 


Lamp Development Laboratory, General Electric Company, Nela Park, Cleveland, Ohio 


ABSTRACT 


Hexagonal, H,S-fired ZnS :Cu phosphors prepared with 0.05 to 1 per cent Cu are char- 
acterized by a yellow-red luminescent emission obtained with ultraviolet, cathode 
ray, x-ray, and electroluminescent excitation as well as with infrared stimulation. 
Peaked at 6500 A, the emission is shown to consist of two bands, a strong red band at 
6700 A and a weaker yellow band at 5800 A. The intensity of the yellow band declines 
toward zero at — 196°C, while the red band increases in intensity and moves toward longer 
wave lengths. With electroluminescent excitation, the yellow-red emission persists 
without changing to blue over the frequency range of 60 to 15000 eps. 

Washed with NaCN solution to remove excess free copper sulfide, the phosphors 
retain only a certain percentage of the amount of Cu originally added. The amount 
of retained Cu is one or two orders of magnitude larger than in conventional phosphors, 
indicating a limit of solubility near 0.3 per cent Cu. The incorporation of Cu into the 
ZnS lattice must be explained without benefit of charge compensating ions. To account 
for the double band emission and the infrared stimulability, the presence of two species 


of Cu atoms may be assumed. 


INTRODUCTION 


Copper-activated zine sulfide phosphors have 
probably been studied more extensively than any 
other single phosphor system. However, all investiga- 
tions have been concerned almost exclusively with 
the blue and green emission bands of these ma- 
terials. It is surprising, therefore, that there has not 
been a more intensive exploration of some long 
wave length emission bands in ZnS:Cu phosphors, 
such as appear to have been first mentioned by 
Tomaschek (1). Further, no attempts seem to have 
been made to obtain these emissions at higher inten- 
sities. The existence of these bands should be of con- 
siderable interest even though it complicates, and 
to some extent perhaps obviates, some current at- 
tempts to find one single correlation between the 
emission bands of the phosphors on the one hand, 
and the valence of the activator atoms and their 
position in the host lattice on the other. 

Tomaschek’s phosphors were fluxed with NaCl 
and gave, in addition to strong blue and green bands, 
some weak, long wave length bands with reported 
peaks at 5700 and 6000 A. They were firéd under 
conditions which, in the light of the present work 
and additional evidence to be reported in a following 
paper, do not provide either a completely simple or 
a fully defined atmosphere. The importance of this 
latter point has already been stressed to a consider- 
able extent by Kroeger and Hellingman (2). It has 


‘Manuscript received November 19, 1952. This paper 
was prepared for delivery before the New York Meeting, 
April 12 to 16, 1953. 


been reaffirmed in recent work on both simple and 
complex phosphors with a zine sulfide base. It is 
revealed partly in the nature of the optical response 
of these phosphors, and to an even greater extent 
in the nature of their response to electroluminescent 
excitation. 

Kroeger and coauthors (3) have given emission 
data on H,S-fired ZnS:Cu phosphors with copper 
contents from zero up to about 0.0065 per cent 
added Cu (10~ gram atoms Cu per mole Zns). 
These materials are reported as giving blue and green 
emissions whose intensity approaches zero at the 
higher concentrations of Cu investigated. There is 
also one very brief mention made of a weak red 
emission observed in products fired without halides. 
According to the present work, already summarized 
briefly (4), phosphors prepared with much higher 
copper concentrations can be made to emit long 
wave length radiation of appreciably higher intensity. 


EXPERIMENTAL 


The phosphors were prepared from pure pre- 
cipitated ZnS which was wetted down with solutions 
of copper salts, dried, sieved, and then fired in bottle 
shaped silica vessels in a current of H,S. After cool- 
ing in HS the phosphors were sieved, washed with 
a lukewarm solution of dilute NaCN and with water, 
and again sieved after drying. 

The firing vessel was provided with an extended 
neck through which was inserted a long and narrow 
silica tube which reached the closed end of the vess! 
and served as inlet for the H,S gas. The emergil 
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gas Was disposed of by burning it, the gas stream 
having been adjusted to maintain a small flame. The 
whole assembly of firing vessel and inlet tube was 
placed in a tube furnace such that the entire firing 
tube was in the hot zone. Ventilation removed SO, 
with a minimum of annoyance. 

Thus the firing vessel and the charge were con- 
tinuously being swept by fresh H.S, and gaseous 
products other than HS, if any, were quickly re- 
moved from the firing zone. Comparable results were 
obtained with pure HS gas directly from a cylinder 
and with gas that was first washed with Ba(OH), 
solution and then freed from water vapor. 

The firing conditions were designed to preclude 
the formation or retention of oxide or halide con- 
tamination. The latter changed the phosphor charac- 
teristics When present in amounts even smaller than 
the activator equivalents. For this reason prolonged 
firing became necessary when the copper activator 
was introduced as the chloride. However, if the 
firing of copper chloride-activated phosphors was 
carried out long enough, their brightness and spectral 
emission eventually compared fully. with that of 
shorter fired phosphors activated with an oxide or 
sulfide donor compound. Apparently, residual 
chloride was slowly expelled from the phosphors 
in firing, and activator oxide was converted into 
sulfide. On the other hand, longer firing was not 
desirable as the particle size of excessively long fired 
samples was found to increase considerably. Longer 


| firing times were also necessary if the zine sulfide 


raw material contained some zine oxide, especially 
when the oxide was already incorporated in the 
sulfide in form of a solid solution. 

In order to study the effect of some oxide addi- 
tions smaller than the activator equivalent, weighed 
samples of ZnS:Cu, prefired for several hours in 
HS at 800°C, were sealed into silica tubes of known 
volume and with air or oxygen admitted at calcu- 
lated low pressures. The same technique could be 
used to study the effect of small amounts of halides. 

For the development of the long wave length 
bands it was necessary to fire the phosphors at 
temperatures in excess of 1020°C. When the phos- 
phors were fired at 1000°C or lower, only the normal 
blue and green bands were observed at low in- 
tensities. This was also true if the firing was carried 
out at 1100°C in vacuo (where a deficiency of sulfur 
is likely to result), or in atmospheres of sulfur vapor 
‘where an excess of sulfur may be incorporated in 
the phosphor). Likewise, when the H.S firing at- 
mosphere contained simall amounts of air, water 
vapor, ete., the red emission did not develop. Suit- 
able firing temperatures were about 1100°, 1200°C, 
or higher, depending upon the characteristics de- 
sired. Thus the red emission appears to be confined 
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to phosphors of hexagonal structure which contain 
copper in a well defined (although not accurately 
known) state of valency, and which contain sulfur 
in presumably exactly stoichiometric amount. In 
line with this premise, the red emission was expected 
as well as found in phosphors which were fired in 
an atmosphere of N. plus CS:. However, these 
materials were of somewhat lower brightness due, 
so it seemed, to superficial contamination by ele- 
mental carbon. 

The fired products did not contain all added Cu 
actively incorporated in the ZnS base material. 
In fact, most of the added Cu survived the firing 
in the form of free copper sulfide, presumably Cu,S, 
which imparted to the fired products a dark gray 
color. This excess copper sulfide was removed readily 
by treating the phosphors with a dilute solution of 
cyanide as already indicated. The washed phosphors 
still had a tan to gray body color, depending upon 
the Cu content and the firing temperature, which did 
not disappear when cyanide solutions of higher 
concentration or higher temperature were used. 
Thus there was a definite division between free and 
bound copper sulfide in the fired products. Once in 
solid solution in ZnS, copper sulfide was not extracted 
from it by the cyanide wash. 

The amounts of Cu that were retained by the 
washed phosphors were determined colorimetrically, 
following conversion of the sulfide into oxide to 
facilitate solution in acid. Optical density measure- 
ments were made of colloidal CuS precipitated in 
stable form from an acid solution containing gelatin 
(for the range of relatively high Cu contents), and 
of copper diethyldithiocarbamate extracted with 
CCl, (for the range of low Cu contents). Calibration 
curves confirmed the reliability of the methods. 

The amounts of retained Cu depended upon the 
concentration of Cu that was initially added and the 
firing time and temperature. They increased with an 
increase in any of these factors. With normal phos- 
phor firing conditions, they were nearly linearly pro- 
portional to the amounts of Cu added. Most of the 
bright phosphors retained of the order of 0.05 to 
0.15 per cent Cu. For example, phosphors that were 
prepared with 0.5 per cent Cu and fired at 1100°C 
for }4 to 1 hour retained, on the average, about 0.12 
per cent Cu after the cyanide wash; when fired at 
1250°C they retained about 0.16 per cent Cu. The 
highest amount determined was 0.25 per cent Cu. 
A plot of the data indicated that a limit of solubility 
of copper sulfide in ZnS may be reached near 0.3 
per cent Cu, which appears to be higher than had 
previously been assumed. At any rate, it is evident 
that the solubility of copper sulfide is about one or 
two orders of magnitude larger than the amount 
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which is necessary to produce the conventional, 
bright green fluorescing ZnS:Cu phosphors. 

The above data are presented as typical values 
obtained on typical phosphors with red emission. 
They are not true equilibrium or true solubility 
figures, as the solubility of copper sulfide in ZnS 
was also dependent upon other factors. As already 
mentioned, it increased slightly with much prolonged 
firing times and it also varied with the particle size 
of the materials, the coarser particles retaining more 
Cu than the fines. 

While the amounts of retained Cu are thus known, 
it is not certain whether they are incorporated in 
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Fic. 1. Reflectance of ZnS phosphors fired at 1100°C in 
HS. 


100% 

> 
z 
= 

4000 5000 6000 7000 


Fic. 2. Emission of ZnS:(0.1% Cu) fired at 1100°C in 
HS. Curves 1 at room temperature; curves 2 at —196°C. 
Dashed lines, 3300 A. solid lines, 3650 A excitation. 


the ZnS base in the form of a true solid solution, or 
in some other as yet unidentified association with 
the host lattice. An x-ray diffraction study of these 
phosphors is in progress to clear up this question. 
It has been ascertained, however, that the red 
emitting phosphors have preponderantly the hexag- 
onal wurtzite structure of ZnS as would be expected 
from the preparative conditions. 

The emission curves shown in this paper were all 
taken on NaCN-washed phosphor samples. Except 
for intensity, there was no significant difference 
between the emission of washed and unwashed 
phosphors. All activator concentrations in the 
figures refer to the amounts of Cu in per cent by 
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weight of ZnS which were added to the raw bate) 
mixture. The emission curves were obtained with 
a recording spectroradiometer which was calilyrate 
with Illuminant A. Proper corrections have bee) 
applied to the curves which have been normalized 
at the red peak positions in order to demonstrate 
relative changes more clearly. 

The exact location and nature of the extreme 
emission bands have presented some difficulties 
These were due to the low intensities encountered 
with many of the phosphors, and to the decline of 
the phototube sensitivity at the ends of the visible 
spectrum. Some attempts have been made to jp. 
crease the sensitivity of the phototube through 
reduction of the background noise. The tube was 
housed in a Styrofoam adaptor (5) which permitted 
it to be cooled with liquid nitrogen. While the con. 
struction of a simple cooling adaptor is not com- 
pleted, indications are that the equipment will per- 
form as expected. 


Excitation by Ultraviolet Radiation 


The optical fluorescence of the phosphors is due 
to an absorption band in the near ultraviolet, which 
is adjacent to the fundamental absorption of pure 
ZnS. The band is shown in Fig. | for a phosphor with 
0.01 per cent added Cu (approximately 0.005 per 
cent retained Cu), fired in H.S for '4 hour at 1100°C. 
The band becomes stronger with increasing Cu con- 
centration. It is unresolved and broader than the 
excitation band, as shorter UV radiation such as 
2537 A did not lead to appreciable fluorescence ever 
though this radiation was absorbed strongly as in 
the case of pure ZnS; visible blue light was likewise 
absorbed to the extent of about 55 per cen” but did 
not lead to fluorescence. 

The excitation spectrum as such and the detailed 
dependency of the emission spectrum upon it have 
not been determined as yet. It was apparent, how- 
ever, that at least two rather narrow excitation 
bands within the range of about 3000 to 4000 A are 
involved. This was concluded from the changes 10 
fluorescent color and intensity observed when the 
phosphors were excited by radiation of predomi- 
nantly 3300 and 3650 A, respectively. The phosphors 
looked red when excited by 3650 A line radiation, 
but more orange when excited with (continuous) 
radiation near 3300 A (6). This change in observed 
color is reflected in the emission curves of Fig. 2 
for a phosphor with 0.1 per cent added Cu, at room 
temperature and at —196°C. The change of color 
was observed with phosphors fired at either 1100 
or 1250°C. In addition, the intensity of the blue 
band was increased with the shorter wave lengt! 
excitation, while its peak was shifted slightly toward 
shorter wave lengths. However, it did not increase 
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to an extent which would account for the increased 
intensity in the yellow range. This rise is attributed 
to a separate band as discussed below. 

Some typical emission curves for phosphors with 
increasing Cu concentrations are shown in Fig. 3 
and Fig. 4 for 1100° and 1250°C firing temperatures, 
respectively. The phosphors were excited with 3650 
( radiation. With room temperature excitation of 
the 1100°C phosphors, there are principally two 
emission bands, one in the blue at about 4500 A, 
the other in the red with a peak at 6500 A (Fig. 3). 
The position of the blue band did not change when 
the firing temperature was increased to 1250°C, but 
the peak of the red band moved to 6600 A for room 
temperature excitation (Fig. 4). This, however, does 
not reflect a true shift of the band, as will be dis- 
cussed below. The emissions of phosphors prepared 
with | per cent Cu or more did not further change in 
characteristic manner, but their intensity was much 
lower. 

Despite the peak location at 6500 A, the phosphors 
do not look as red as (Zn, Cd)S:Cu phosphors with 
the same peak emission. This must be attributed to 
the extraordinary broadness of the red band which 
extends from the infrared into the green and has an 
estimated half width of 1500 A or more. This com- 
pares with 500 and 650 A for the half widths of 
the norma! blue and green bands in ZnS:Cu. The 
red band reaches 50 per cent of peak intensity at 
about 5600 A, whereas the red band of a (Zn, 
Cd)S:Cu phosphor with 6500 peak emission 
reaches 50 per cent at about 6000 A; hence the more 
orange appearance of the H.S-fired ZnS:Cu_ phos- 
phors. 

The position of the blue and red bands was found 
to be invariant with activator concentration. The 
relative intensity of the bands, however, varied 
strongly with activator concentration in the phos- 
phors fired at 1100°C, while it did not vary appreciably 
in the phosphors with 0.05 to 0.5 per cent added Cu 
that were fired at 1250°C. Thus curve 1 in Fig. 4 
represents materials with a tenfold increase of 
activator content, while curves | to 3 in Fig. 3 cover 
the same range for phosphors fired for 14 hour at 
1100°C. The absolute intensity of the bands also 
varied considerably with the Cu content at both 
firing temperatures. As the concentration of Cu 
was increased, the intensity of the blue band de- 
clined rapidly, while the intensity of the red band 
built up, reaching an optimum for optical excitation 
hear about 0.1 per cent added Cu, and declining 
again strongly from 0.5 to 1 per cent Cu. The 
brightest phosphors with yellow and red emission 
were about one-fourth as bright as (Zn, Cd)S:Cu 
phosphors of similar color. Nevertheless, the ap- 
pearance of a resolved red band could be observed 
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in H.S-fired samples of ZnS prepared with as little 
as 0.01 per cent Cu or less—this despite the fact 
that the phosphor’s normal emission was _pre- 
dominantly blue with UV excitation. 

The intensity of the blue and red bands and the 
position of the red band at room temperature were 
also a function of the firing time when the phosphors 
were prepared at 1100°C; they were much less time- 
dependent when the materials were fired at 1250°C 
or higher. In the latter cases, the particle size in- 
creased appreciably and the phosphors were of 
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Fig. 3. Emission of ZnS:Cu phosphors fired at 1100°C 
in HS, with 3650 A excitation. Solid lines, excitation at 
room temperature; dashed lines, excitation at —196°C. 
Curves 1, 0.05% Cu; curves 2, 0.1% Cu; curves 3, 0.5% Cu. 
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Fig. 4. Emission of ZnS:Cu phosphors fired at 1250°C 
in HS, with 3650 A excitation. Solid line, excitation at 
room temperature; dashed line, excitation at —196°C. 
Concentrations of 0.05 to 0.5% Cu. 


darker body colors even if there existed no differen- 
tial in retained Cu content compared with the 1100°C 
materials. Prolonged firing at 1100°C led to a re- 
duction in intensity of the blue band, to an increase 
in intensity of the red emission, and to a shift of 
its peak position from 6500 to 6600 A. This is shown 
in Fig. 5 for phosphors prepared with 0.5 per cent 
Cu, and with excitation at room temperature. The 
red band of the sample fired at 1100°C for 3 hours 
was nearly identical with that of samples fired at 
1250°C for 44 to 2 hours. The emission of the long- 
fired 1100°C sample is still slightly higher in in- 
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tensity in the blue and yellow ranges than the 1250°C 
samples, for reasons given below. 

When the phosphors were excited at —196°C, 
several changes in emission were observed as shown 
in Fig. 2 to 4. In all cases, the blue band increased 
in relative intensity and moved slightly toward 
shorter wave lengths. The red band increased con- 
siderably in absolute intensity and moved about 
200 A toward longer wave lengths. Thus the peaks 
of emission of the phosphors fired at 1100°C for 44 
hour moved from 6500 to 6700 A, and the peaks of 
the 1250°C phosphors moved from 6600 to 6800 A. 
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Fic. 5. Room temperature emission of ZnS:(0.5% Cu) 
phosphors with 3650 A excitation. Curve 1, '4-hr firing at 
1100°C; eurve 2, 3-hr firing at 1100°C; curve 3, 44- to 2-hr 
firing at 1250°C. 
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Fic. 6. Resolution of observed emission at room tem- 
perature into two subbands at 5800 and 6700 A, 


While the shift of peak amounted to 200 A, the 
contraction at the half width level amounted to 300 
to 350 A. This resulted in the visual change of color 
from orange-red to a brighter crimson red to which 
the now sharper blue band at the shorter wave length 
position contributed significantly. 

As mentioned before, the measurements in the 
deep red were not fully reliable. For this reason, 
there is somewhat more uncertainty associated with 
the measured 6800 A peak than with the 6500 A 
peak, and the position of this peak cannot be con- 
sidered as having been as reliably established as the 
6500 A peak. 
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The recorded emission curves of all phosphon 
were actually not quite as smooth as drawn in the 
graphs of Fig. 3 to 5. They all showed a slight by 
definite hump in the yellow which was real and ey. 
tended into the green. This hump has been repro. 
duced in curves | of Fig. 2 and 6. It was always 

more pronounced with 3300 than with 3650 ( ey. 

citation and gave the impression of a separate, lowe, 

intensity emission band in the yellow. The hump was 

also much stronger at room temperature than 4} 

— 196°C where only some of the phosphors showed 

it at all. 

From these findings it is concluded that the 650 

emission of the phosphors is a complex band as 
observed at room temperature and possibly, 
though to a much lesser extent, at —196°C. The 
emission is considered to be the resultant of two 
bands, namely, a strong red band with a room 
temperature peak at 6700 A or slightly beyond, 
and a weaker yellow band with a peak at about 
5800 A. At the 6500 A position, about 85 per cent 
of the total emission intensity is furnished by the 
6700 A band and about 15 per cent by the 5800 \ 
band; at the position of the hump in the yellow, 
about 60 per cent of the total intensity is con- 
tributed by the 5800 A band, the balance chiefly by 
the 6700 i band. Thus the room temperature emis- 
sion of the 1100°C phosphors can be synthesized 
from the two contributing bands as shown in Fig. 6. 
It must be regarded as a transitional emission which 
develops between the initial blue and the termina! 
red emissions. 

The yellow 5800 A band thus emerges as a tran- 
sient emission which is possibly due to a transient 
crystal structure or to a different and transient 
arrangement of some of the activator atoms in the 
host lattice. It is the first of the two bands to de- 
velop in phosphor preparation and, for this reason, 
is stronger in the phosphors that were fired at the 
lower temperature for a shorter time. The red 6700 
A band is the slower of the two to develop, such that 
either longer firing times or higher firing temper- 
atures are necessary for its more complete isolation. 
However, 3-hour firing at 1100°C is not quite equiva- 
lent to 4 hour firing at 1250°C. This will explain 
why the long-fired 1100°C sample in Fig. 5 has stil 
slightly more yellow emission than the same com- 
position fired at 1250°C or higher. The changes 0! 
structure involved would have to be of rather subtle 
nature, as the x-ray patterns have so far shown only 
extremely slight changes of spacings in the normal 
hexagonal pattern. 

The 5800 A band loses intensity at low temper 
atures and it approaches zero or very low intensities 
when the phosphors are excited at —196°C. It # 
this declining contribution of the yellow band which 
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causes the peak emission to shift toward longer 
wave lengths when excited at —196°C—this in 
addition to the gain in absolute intensity of the red 
hand which thus has a temperature coefficient of 
opposite sign. The question whether the 5800 A 
hand has a finite intensity in the 1250°C phosphors, 
and in materials excited at —196°C, cannot be 
answered conclusively at this time. More precise 
measurements are necessary which have to extend 
farther into the infrared, and decay constants for 
the emissions at the shorter and longer wave length 
positions, respectively, will have to be determined. 
The extension of this work will then permit the final 
location of peak positions for the red band, i.e., 
whether it is located at 6700 A or beyond. 

In addition to the main blue and red bands, some 
phosphors also showed the presence of the normal 
green band at 5200 A. This band was more strongly 
excited by 3300 than by 3650 A radiation, and it 
began to show evidence of resolution with low- 
temperature excitation. This is shown, for example, 
by phosphor 1 in Fig. 3. The contribution of this 
green band is not considered to be significant or 
important. It may merely be the result of a slight 
inhomogeneity of the phosphor. 

When the H.S-fired ZnS:Cu phosphors were ex- 
cited at elevated temperatures, the yellow and red 
emissions became very weak, approaching extinction 
already at temperatures not much higher than 100°C. 


Yxcitation by Cathode Rays, Infrared, and 
Electroluminescence 


With excitation by 5000-volt cathode rays and 
moderate beam currents, the phosphors fired at 
1100°C_ gave only blue and green emissions with 
peaks at 4500 and 5200 A. The bands, although of 
low intensity, were well resolved, the green band 
becoming stronger with increasing Cu concentra- 
tion up to about 0.3 per cent added Cu or higher. 
The phosphors fired at 1250°C or higher, however, 
also showed predominantly yellow and red emission. 
The emission curves had the same shape as the curves 
of the phosphors excited with 3300 A UV radiation, 
with a relatively stronger contribution of the 5800 
A band to the total emission, and with the charac- 
teristic hump of the curve in the yellow range. The 
yellow and red emission was also observed with 
X-ray excitation of the phosphors. 

The H,.S-fired ZnS:Cu phosphors with higher 
activator contents were of even greater interest 
because of two other properties. They responded 
to infrared stimulation and to electroluminescent 
excitation. Following excitation by either 3300 or 
3650 \ radiation, the color of the stimulated light 
Was orange in all cases. The brightest stimulation 
was obtained with phosphors prepared with 0.01 
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to 0.1 per cent added Cu. The stimulated light of 
phosphors fired at 1250°C was slightly brighter than 
that of the 1100°C materials, but of the same color. 
The samples with 0.01 per cent added Cu were 
especially interesting as they gave a weak blue 
fluorescence and a fairly long lasting blue phospho- 
rescence with 3650 A excitation, but a rather strong 
orange emission when stimulated with infrared. 
The phosphors with higher Cu contents had a much 


_ shorter (orange) phosphorescent decay and gave 


the same emission in stimulation. The number of 
traps in these phosphors did not appear to be very 
large, as all trapped energy was released in form of 
a fairly short-lasting single glow. However, their 
storage ability was quite good at room temperature. 
The intensity of the stimulated light was almost 
as high after many hours of storage in the dark as it 
was immediately following excitation. 

A rough stimulation spectrum has been obtained 
for samples with 0.01, 0.05, and 0.1 per cent added 
Cu and fired at 1100°C, using a number of suitable 
filter combinations over the source of infrared. The 
stimulation spectrum was found to be substantially 
independent of the Cu concentration over the range 
listed. Radiation of wave length longer than 1.25 
mu was rather ineffective for stimulation. Optimum 
stimulability was found to lie within the range of 
0.8 to 1.1 

With electroluminescent excitation in either oil 
or solid dielectric suspension, the phosphors pro- 
duced the same emission bands which were found for 
optical excitation, but in somewhat different relative 
and absolute intensities. The blue band again pre- 
dominated at low concentrations of Cu and at lower 
firing temperatures. The red band was the strongest 
in phosphors made with 0.5 per cent Cu at 1100°C, 
and with less Cu (about 0.2%) in phosphors fired 
at 1250°C. The visual color appearance of the 
luminescence changed from lavender to rose to 
orange with increasing firing temperature and activa- 
tor concentration. The absolute intensity with 60 
cps excitation was rather low. There was no charac- 
teristic effect of the Cu concentration upon the shape 
and position of the red band. It was chiefly the total 
brightness which varied, except at very low concen- 
trations of Cu where the blue band predominated. 
Nevertheless, the orange emission under a-c field 
excitation was observed with as little as 0.0005 per 
cent added Cu, although extremely faint, while it 
was absent in a phosphor made with 0.00005 per 
cent added Cu.’ The red emission could be con- 
veniently isolated and utilized by means of red 
filters such as Tenite Red or Wratten # 29. 

The emission of Destriau-type, green emitting 
electroluminescent ZnS-ZnO:Cu phosphors shifts 
toward blue with higher frequency excitation. This 
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is also true of ZnS phosphors activated with Cu 
and Pb (7), for which preparative details have not 
been published. In contrast to this effect, the H.S- 
fired ZnS:Cu phosphors either retained the relative 
intensity of their red emission, or they showed a 
gain, as the frequency was raised from 60 to 15,000 
eps. Thus the phosphors did not change in color, 
unless it was to brighter orange-reds, as the fre- 
quency was raised over a rather wide range. This 
relative gain in red emission was in addition to the 
normal absolute gain in brightness resulting from 
the higher frequency excitation per se. The emission 
curves of several phosphors fired at 1100° and at 
1250°C and excited with 5000 cps current in oil or 
solid dielectric cells are shown in Fig. 7. The red 
band as such can be considered to be identical for 
all phosphors regardless of firing temperature and 
activator concentration. It is concluded that the 
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Fic. 7. Emission of Zn8:Cu phosphors with 5000 eps 
electroluminescent excitation. Curves 1 to 3, 1100°C, 4 and 
5, 1250°C firing temperature. Curve 1, 0.05% Cu; curve 2, 
0.1% Cu; curve 3, 0.5% Cu; curve 4, 0.05% Cu; curve 5, 
0.2 to 0.5% Cu. 


5800 A band in the 1250°C phosphors is more 
strongly excited by electroluminescence than by UV 
radiation. 

Both the infrared stimulability and the red electro- 
luminescent response were destroyed when the 
phosphors were prepared with NaCl flux or in 
atmospheres of H.S with small amounts of oxide 
additives. In the latter case, the response was only 
a weak blue of very low intensity. 


DISCUSSION 


It has been shown that the combination of H.S- 
firing with high activator concentrations in ZnS:Cu 
phosphors resulted in the development of a fairly 
bright orange-red emission. This emission was ob- 
served with optical and with electronic excitations 
as well as with infrared stimulation. It is a complex 
emission which consists of at least two bands, a 
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strong red band with a peak at 6700 A or beyond 
and a weaker and poorly resolved yellow ban: with 
a peak at 5800 A. While low temperature exe itatigy 
allows the isolation of the pure red band, it has no 
been possible so far to isolate and investigate th 
yellow band by itself. There are, however, a numbe, 
of reasons why the independent existence of this 
band is believed to have been established. These are: 

1. The emission curves taken at room temper. 
ature with UV excitation show a slight but definite 
hump in the yellow which continues into the grep. 
this hump is somewhat stronger in phosphors with 
lower Cu concentration (0.1%) and those fired 4; 
lower temperatures (1100°C). 

2. The intensity of emission in the yellow range 
is appreciably greater with 3300 than with 3650 \ 
excitation. 

3. The hump in the curve is observed with «|! 
forms of excitation. 

4. With electroluminescent excitation of the 
1250°C phosphors, the emission in the yellow range 
is of greater intensity than the emission of the same 
phosphors excited by UV radiation. 

5. The intensity of the yellow band is a function 
of both the firing time and the firing temperature: 
an increase of either leads to a reduction of the 
5800 A band intensity. 

6. The observed shift and change of shape of the 
red band with excitation at —196°C are readily 
explained with the existence of a separate band in 
the yellow whose intensity decreases on cooling and 
may reach zero at —196°C. The emission as ob- 
served at room temperature can be synthesized 
from two bands of normal shape and peaks at 580) 
and 6700 A or beyond. 

The yellow band at 5800 Ais presumably identica! 
with the 5700 A band reported by Tomaschek for 
NaCl-fluxed phosphors. A counterpart for Toma- 
schek’s 6000 A band has not been found. 

The red emitting ZnS:Cu phosphors continue the 
pattern set by a number of different phosphors, in 
which an increase of the activator concentration 
led to the development of new emission bands at 
much longer wave lengths (8). In the case of ZnS: Cu, 
bright blue and green emission bands are obtained 
with low concentrations of Cu up to about 0.01 per 
cent added Cu as an upper limit; the yellow and red 
emission bands are most prominent in the range 0! 
0.1 to 0.5 per cent added Cu. While not all of the 
added activator is retained by the fired and NaC)- 
washed phosphors, the amount of Cu actually i0- 
corporated in the red fluorescing materials is by one 
or two orders of magnitude larger than it is in the 
blue and green emitting phosphors. It had pre 
viously been assumed that the limit of solubility o! 
copper sulfide in zine sulfide was lower, and that 
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complete quenching of the fluorescent response oc- 
urs even below such lower limits. This is approx- 
imately correct with respect to the blue and green 
emissions, but it does not hold for the red emission. 

The incorporation of relatively large amounts of 
copper sulfide in zine sulfide and the red fluorescence 
of the resulting materials are obtained without 
benefit of negative or positive ions which would 
facilitate substitutional replacement of zinc ions 
in the host lattice. The presence of coactivators such 
as Cl- or Al®* may be necessary for the development 
of the intense blue and green emissions of Cu in ZnS; 
it is not necessary—actually detrimental—for the 
development of the red emission in the same type of 
phosphors with higher Cu contents. 

The exact manner in which the copper activator 
is incorporated in the red emitting phosphors re- 
mains to be determined. A solid solution of copper 
sulfide in form of (normally hexagonal) CuS in 
hexagonal ZnS would seem to offer no problem as 
the Cu’+ and Zn?* ions are not too different in size. 
However, as pointed out by Kroeger, the thermo- 
dynamic stability of CuS at the firing temperatures 
of 1100°-1300°C is so low that copper, in all likeli- 
hood, is present in form of CuesS with monovalent 
Cu. Thus a true solid solution of (normally cubic) 
(uwS in hexagonal ZnS would be possible only with 
the formation of a large number of lattice defects. 
The reluctance of copper sulfide to form solid solu- 
tions with ZnS, as shown by the low solubility of 
approximately 0.3 per cent Cu, speaks both for the 
monovalent state of Cu and for a strong defect 
structure of the phosphors. The existence of such 
structures in mixed sulfides of different valences 
has already been demonstrated in the case of SrS- 
CeS* (9) where several mole per cent of CeS, were 
found to enter the SrS lattice substitutionally. While 
this system involved di- and trivalent sulfides, solid 
solutions of mono- and divalent sulfides should be 
similarly possible. 

When higher activator concentrations caused the 
appearance of new, long wave length emission bands 
in other phosphor systems, it was proposed that 
these emissions may be due to “pairs” or multiples 
of activator atoms or ions. The formation of such 
“pairs” would be plausible in the cases of phosphors 
in Which the effective activator concentration is so 
near the limit of solubility as in the case of the H,S- 
red ZnS:Cu phosphors. This is especially so if the 
restrictions applying to strongly ionic crystals are 
relaxed or altered in the case of crystals with sub- 
‘tantial homopolar binding such as ZnS. Whether 
these pairs constitute associations of like ions such 
és 2Cut or of unlike pairs such as Cu* and Cu**+ 
or Cu* and Cu®, ete., is largely a matter of specula- 
tion with the knowledge presently available. 


COPPER-ACTIVATED ZnS PHOSPHORS 287 


The partial reduction of copper ions to neutral 
copper atoms in atomic subdivision in the phosphors 
should receive more serious consideration.2 The 
preparative conditions would make the formation 
of neutral copper atoms more plausible than in the 
phosphors containing additional elements such as 
Cl- or Al*+ which Kroeger has appropriately termed 
“stabilizers.”’ It is in these materials, however, that 
Kroeger and Hellingman (10) associate the shorter 
wave length blue emission with pairs of Cut and 
Cu®. It would seem more likely that such pairs should 
be responsible for a longer wave length red emission. 
This would also be in accord with the rapid loss of 
fluorescent intensity at but slightly elevated temper- 
atures which was observed for the red band and 
which is considerably stronger than that for the blue 
band. 

The infrared stimulability of the red emitting 
ZnS:Cu phosphors is puzzling because stimulability 
of sulfide phosphors is generally associated with 
materials having two different activators incorpo- 
rated in them. (There are exceptions in nonsulfide 
systems.) Since pure zinc sulfide without any copper 
addition, carried through all stages of phosphor 
preparation save for the addition of Cu, was devoid 
of any response to fluorescent excitation, the stim- 
ulability as well as the normal fluorescence of the 
ZnS:Cu phosphors must be attributed to the copper 
activator. One may thus have to assume that copper 
is present in the form of at least two species of copper 
atoms or ions, one of which assumes the role of the 
dominant or emission activator, the other that of the 
auxiliary or trapping activator which determines the 
stimulation sensitivity. Possibly one of these species 
is responsible for the yellow, the other for the red 
fluorescent emission during excitation. As an alter- 
native, sulfur atoms may be considered to play a more 
important role in the mechanism of phosphor emis- 
sion, by assuming one or more of the functions 
usually associated only with metal activators. It 
is not likely, however, that this would involve any 
appreciable stoichiometric excess of sulfur, as the 
phosphors fired in sulfur vapor did not show the red 
luminescence. 

The experimental evidence thus favors the view 
that the H.S-fired ZnS:Cu phosphors contain two 
or more species of activator atoms or their associa- 


* When the phosphors were fired for longer times at 
temperatures of about 1300°C, a fairly copious deposit of 
small, well formed crystals was found at the cooler portions 
of the firing vessel. Identified by their sharp x-ray pattern 
as pure silicon, the crystals must have formed from vapor- 
ized Si formed by reduction of the silica firing vessel. If a 
reduction of SiO, by H,S is thus possible, the reduction of 
copper sulfide to elemental Cu should be equally possible, 
as an appreciable amount of HS is dissociated at the high 
firing temperatures. 
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tions, which are different from the activator centers 
in phosphors prepared with lower concentrations 
of activator. Without much further work it is not 
possible to arrive at any definite conclusion about 
their true nature. The existence of the yellow and 
red emissions points out that the situation in ZnS:Cu 
phosphors is actually much more complicated than 
it was when only the blue and green emissions were 
considered, and that any future models developed 
will have to be consistent with the new observations. 

Even less can be offered to explain the electro- 
luminescent response of the phosphors, and its 
independence of the frequency of the exciting cur- 
rent. The green emission of the Destriau-type phos- 
phors has been attributed to a slight oxide (or 
Cu*+ ?) content of the materials. However, the 
response to a-c field excitation is not limited to 
sulfide materials which contain oxides. Thus the 
absence of oxides or halides is neither a condition 
for, nor one against, the electroluminescent response 
of the red emitting ZnS:Cu phosphors. 
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it Electroplating on Zirconium 
of 
W. C. Scuickner, J. G. Beacu, C. L. Faust 
. Battelle Memorial Institute, Columbus, Ohio 
ABSTRACT 
Methods are described for producing adherent electroplates on zirconium. As-plated 
adhesion (about 6000 psi) is obtained by prescribed etching of the zirconium surface 
: prior to plating. Prebaking and heat treatment of nickel- or iron-plated zirconium pro- 
duces alloy bonds of about 50,000 psi (as indicated by modulus of rupture). Other metals 
"I are electroplated over diffusion-bonded nickel or iron plate. 
INTRODUCTION 6. Nickel plate. Solution: NiSO,-7H,O—330 g/1, 


Methods for plating on metals such as chromium, 
i), stainless steels, aluminum, or magnesium are not 
applicable for plating on zirconium. Zirconium is 


sistant to acids and alkaline solutions, except hy- 

nt acid. 

rk 

4 Mertuops For PropucING ADHERENT 
ELECTROPLATES ON ZIRCONIUM 

8. 


General Comments 


Eleetroplated metals on zirconium prepared by 
conventional proeedures for plating on other metals 
are eleetroformed shells and can be separated or 
peeled easily. Heat treatment of these electroplate- 
lirconium composites resulted in localized blistering 
or over-all separation at the electroplate-zirconium 
interface. 

Adherent electroplates on zirconium (50,000 psi, 
as indicated by modulus of rupture) are produced 
by a prescribed etching of the zirconium surface, 
uickel or iron plating, prebaking, and heat treating 
tv alloy bond the interfaced layers of the two metals. 
Other metals may be electroplated over the nickel- 
plated or iron-plated zirconium as desired. 

The following general procedure (discussed later 
in greater detail) is recommended for producing ad- 
herent nickel electroplates on zirconium: 

|. Deseale. (a) Sandblast, (6) vapor blast, or 

(c) surface grind 

. Alkaline clean 

. Rinse 

. Chemical etch. Solution: NH,F—18-52 g/l, HF 
—3-16 g/l; molar ratio: NH,F/HF, 1.2-4.1; 
temperature: 100°F (38°C); time: 34 to 3 
min; metal removed: 0.6 mil; container: poly- 
ethylene. 

Rinse 


Ww ro 


‘Manuseript received September 15, 1952. This paper 
‘as prepared for delivery before the Montreal Meeting, 
Vetober 26 to 30, 1952. 


_ ‘Based on work performed under AEC Contract No. 
405-eny-92. 


NiCl,-6H,O—46 g/l, H,BO,—37 g/l, H.O,.— 
added periodically to prevent pitting, pH 
2.0; temperature: 140°F (60°C); current 
density: 40 amp/ft*; plate thickness 1-2 mils. 

7. Rinse and dry 

8. Prebake. temperature: 400°F (204°C)—air is 
o.k.; time: 2—4 hours. 

9. Heat treat. Temperature: 1300°F (704°C)— 
air is o.k.; time: 10-45 min; quench: air or 
water. 


Preliminary Surface Preparation 

Descaling.—After fabrication at elevated tempera- 
tures, zirconium retains an adherent, chemically re- 
sistant skin. No aqueous chemical method was found 
to remove this skin without pitting the underlying 
zirconium. Mechanical removal of this skin by sand- 
blasting, vapor blasting, or surface grinding is satis- 
factory. 

Chemical polishing.—Chemical polishing of the zir- 
conium was considered for improving the zirconium 
surface for plating. Bright smoothened surfaces were 
produced by immersion in dilute solutions of hydro- 
fluoric acid (4% HF). However, chemical polishing 
had little or no effect on the as-plated adhesion or on 
the diffusion bonds. 

Since chemical dissolution in solutions of hydro- 
fluoric acid alone is rapid, a more easily controlled 
chemical polishing solution was investigated. The 
following solution chemically polishes zirconium, and 
the rate of metal removal can be controlled by the 
temperature of the solution: NH,FHF—100 g/1; 
HNO;—400 ml/1; H.SiF’s—200 ml/1; H,O—to 1 liter. 

The approximate rate of metal removal vs. tem- 
perature is as follows: 

70 to 80°F (24°C) 0.0006 in. removed/min 
80 to 85°F (28°C) 0.0008 in. removed/min 
90 to 95°F (33°C) 0.0018 in. removed/min 
100 to 110°F (40°C) 0.0025 in. removed/min 
110 to 120°F (46°C) 0.0040 in. removed/min 

Cleaning.—Electrolytic or soak alkaline cleaning 

is used to remove surface dirt. 
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Etching of Zirconium Prior to Plating 


Good as-plated adhesion and the best diffusion 
bonding depends on proper etching of the zirconium 
surface prior to electroplating. Etching in solutions 
of ammonium fluoride and hydrofluoric acid is satis- 
factory. However, the molar ratio of NH,F:HF is 
important. Molar ratios of 1.2 to 4.1 are recom- 
mended. The effects of concentration and molar 
ratio of ammonium fluoride and hydrofluoric acid 
on the as-plated adhesion are as follows: 


HF, NH.F/HF, As-plated 


Mole/| Mole/1 Molar ratio adhesion, psi 
0.00 0.50 0 < 1000 
0.44-0.88 0.44-0.88 1.0 <1000 
0.49-0.98 0.40-0.80 1.2 > 6000 
0.66-1.32 0.25-0.44 3.0 > 6000 
0.83 0.05 16.6 < 1000 


1.67 0.09 18.8 


< 1000 


Etching for 34 to 3 min at 100°F to remove about 
0.6 mil of the surface is recommended. The time of 
etching is dependent on the amount of free HF in 
the solution. About 0.6 mil is removed in *4 min 
in the solution containing 36 g/l NH,F (0.98 M) 
and 15.5 g/l HF (0.78 M), whereas 3 min are required 
in the solution containing 52 g/l NH,F (1.4 M) 
and 7 g/l HF (0.35 M),. 


Electroplating 


Nickel.—Electroplating on zirconium from wet- 
ting-agent-free baths is recommended. Although wet- 
ting agents (and probably other organic additions) 
in the plating bath do not appear to affect the as- 
plated adhesion, their inclusion in the diffusion alloy 
results in a 20 per cent weaker bond. 

The recommended electroplate thickness is 1 to 
2 mils. About 0.5 mil of the electroplated metal is 
alloyed with the zirconium in a subsequent heat 
treatment. Heavy electroplates tend to separate from 
the zirconium during heat treatment because of the 
difference in thermal expansions of the two metals. 

Tron and other metals. — Since nickel, diffusion 
bonded to zirconium, is a satisfactory basis for sub- 
sequent plating with more nickel or with other 
metals, the emphasis in this work was with nickel. 
However, iron can be successfully electroplated on 
and diffusion bonded to zirconium. 

Copper and silver directly on zirconium were also 
investigated. Copper electroplated on zirconium ap- 
peared well bonded after hot rolling. Silver and 
zirconium did not show any alloying until about 
1850°F (1010°C), at which temperature a low-melt- 
ing, eutectic alloy formed. Simple heat-treatment 
diffusion bonding of electroplated copper or silver 
to zirconium is prevented by the low solubility of 
hydrogen in copper and silver resulting in blistering. 


Fig. 1. Silver-solder-test setup with a specimen clamped 
in the Amsler testing machine and ready for breaking. 


Fic. 2. Silver-solder-test 
testing. 


assemblies before and after 


Vol. 101 


To pr 
plates 0 
hydroge 
ing at 
diffusior 
and wit 
held at 
before ¢ 
tering. | 
eliminat 
sufficien 

Three 
by elec 
pickled 
drides a 
ireoniu 
explains 
partially 
on 
bonded. 
and sily 
plate ar 
eparatl 
face. 


The s 
amount 
n the | 


Good 
rupture 
are 5,00 

The | 
zire 
min, 


The 
liffusio 
requires 
many 


| 
_ 
| 
4 
ig 
4 
= 
t 


vol. 10, No. 6 


Prebaking 

To prevent blistering of nickel and iron electro- 
plates on zirconium caused by rapid evolution of 
hydrogen during diffusion heat treatment, prebak- 
ng at 400°F (204°C) is recommended. Specimens 
jifusion bonded within a day or two after plating 
and without prebaking generally blistered. Others 
held at room temperature for three weeks or more 
pefore diffusion bonding showed only limited blis- 
tering. Prebaking at 400°F (204°C) for 2 to 4 hours 
diminated blistering. A one-hour prebake was in- 
sufficient. 

Three hydrides of zirconium have been identified 
by electron diffraction of zirconium cathodically 
vickled in dilute sulfuric acid. The surface showed 
it-H» over layers of ZrH and Zr,H. Probably, hy- 
drides are formed during etching of and plating on 
‘irconium. This hydride formation is reversible and 
explains the necessity of prebaking. In addition, it 
partially explains why electroplated copper and silver 
m zirconium were not satisfactorily diffusion 
bonded. The low solubility of hydrogen in copper 
and silver prevents outgassing through the electro- 
plate and allows concentration of the hydrogen and 
eparation at the copper- or silver-zirconium inter- 
face. 


Diffusion Heat Treating 


The strength of the alloy bond is related to the 
amount of diffusion. The effects of heat treatment 
n the diffusion-alloy bond are as follows: 


1100°F 240 min No bond 


1200°F 240 min Good bond 
1300°F 45 min Good bond 
1500°F <5 min Good bond 
1300°F 240 min Fair bond 
1500°F 45 min Fair bond 


1500°F 240 min Poor bond 


Good bonds are about 50,000 psi (modulus of 
npture), fair bonds are 35,000 psi, and poor bonds 
are 5,000 psi. 

The best diffusion bonding of electroplated iron 
zirconium occurs at 1500°F (816°C) in 10-45 


min, 
EXPERIMENTAL METHODS 


Design of Experiments 


The development of a reproducible process for 
liffusion bonding electroplated . nickel to zirconium 
feyuired the selection of proper conditions. Since 
hay ramifications are involved, most of the experi- 
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ments were of the factorial type (1) and were sub- 
jected to analysis of variance. 


Test of Adhesion 


Qualitative adhesion tests such as filing or grinding 
the edge of a sample, bending a sample to fracture, 
sawing, and wire-brush burnishing were initially 
used. However, the results depended upon the thick- 
ness of the electroplate and upon its physical proper- 
ties. Several quantitative tests were considered, but 
generally were not adaptable to rapid testing. 

Numerical results were needed for an analysis of 
variance. Therefore, soft- and silver-solder tests were 
used to estimate the comparative strengths of the 
electroplate-zirconium bonds. For the silver-solder 
tests, the end of an alloy-steel bar (14-in. square by 
10 in. long) was silver soldered (mp 1070°F) so as 
to be perpendicular to the sample being tested. 
In a 1000-lb Amsler testing machine, the bond was 
broken by applying a known force perpendicular to 
the steel bar at a distance of six inches from the 
silver-solder joint. The test setup is shown in Fig. 1. 
Samples before and after testing are shown in Fig. 2. 

For the soft-solder tests, 34,-in. brass rod was 
soft soldered to the sample being tested. The elec- 
troplate-zirconium bond was tested by hanging 
known weights on the brass rod 6 inches from the 
solder joint. 

The soft-solder test was used to evaluate as-plated 
adhesion. Since the soft-solder test was not severe 
enough, the silver-solder test was used for diffusion- 
bonded samples. The short-time heating during sol- 
dering did not appear to influence comparative evalu- 
ation. 

To obtain data for calculating a modulus of rup- 
ture, a series of samples were prepared with the 
plated area being tested isolated by bandsaw cuts 
through the silver solder and the electroplate into 
the zirconium. So, in effect, the area being tested 
became an integral part of the steel test bar. 

For calculating the modulus of rupture, the flex- 
ure formula, S = MC/I, was used. S is the modulus; 
M is the bending moment; C is the distance from 
the neutral axis to the outermost fiber of the test 
area; and / is the moment of inertia of the test area. 


Any discussion of this paper will appear in a Discussion 
Section, to be published in the December 1953 issue of the 
JOURNAL. 
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ROLE OF CRYSTAL ORIENTATION IN THE 
OXIDATION OF IRON 


Earl A. Gulbransen and Roswell Ruka (pp. 360-368) 


M. E. Srraumantis': What was the technique in prepar- 
ation of the samples for obtaining the electron diffraction 
patterns? 

What was the thickness of the iron samples, and how 
were they prepared? 

Eart A. GuLBRANSEN: I believe we have described 
under the section Samples and Apparatus the preparation 
procedures. 


CORROSION OF ALUMINUM BY CARBON 
TETRACHLORIDE 


Milton Stern and Herbert H. Uhlig (pp. 381-388) 


M. E. Srraumants*: What is the rate of corrosion at 
room temperature? 

Are there no indications for the action of local elements? 

Is CCl, the only corrosion product, or are there also 
other products? 

Is hydrogen evolved when hydrogen chloride is in the 
carbon tetrachloride? 

Mitton Srern: We have conducted no tests at room 
temperature. However, the literature indicates that at this 
temperature there is little or no attack of aluminum by 
dry carbon tetrachloride for a period of six months’. 
In wet carbon tetrachloride, however, the reported rate is 
about 8 mdd for the same period of exposure. 

In answer to the question concerned with reaction 
mechanism, it is difficult to visualize the operation of local 
elements in producing the high reaction rate observed 
(about 40,000 mdd) in an environment of such low con- 
ductivity. Additional work, soon to be published, has 
been conducted on this system. A mechanism which 
entails a free-radical chain reaction adequately explains 
the experimental facts. 

A free-radical process would be expected to produce 
many side reaction products. Hexachlorethane is one of 
the major reaction products, but is by no means the only 
product. No measurable quantities of gas are liberated 
when pure aluminum reacts in dry carbon tetrachloride. 
However, no experiments were conducted to determine 
whether hydrogen is evolved when the system contains 
hydrogen chloride. 


Tuts Discussion Section includes discussion of papers 
appearing in the Journa of The Electrochemical Society, 
99, No. 7-12 (July-December 1952). 

' University of Missouri, School of Mines, Department of 
Metallurgy, Rolla, Mo. 

* University of Missouri, School of Mines, Department of 
Metallurgy, Rolla, Mo. 

*F. H. Ruopes anp J. T. Carry, Ind. Eng. Chem., 17, 
909 (1925). 


ELECTRON DIFFRACTION STUDIES ON THE 
OXIDATION OF PURE COPPER AND 
PURE ZINC BETWEEN 200° AND 500°C 


E. A. Gulbransen and W. R. McMillan (pp. 393-49)) 


F. R. Morrat*: It may be of interest to call attention to 
a study of the films formed on zinc, coated on steel’ 
It was found that the thickness and the surface orients. 
tion appeared to be affected by the environment under 
which the ZnO film formed. 

J. T. Waser’: In connection with experiments on 
epitaxis, it has been found that a 6 per cent error in lattice 
constants of the substrate and deposit can be tolerated 
without the formation of pseudomorphic structure of 
exactly the type that Finck and Quarrel suggested. Recent 
work indicates that the differences in the lattice constants 
can be accommodated by a reasonably high concentration 
of dislocations on the composition plane. Several trans- 
lation distances away from composition plane, there need 
be very few dislocations and the original lattice dimensions 
are to be observed. Hence, this is a modern interpretation 
of what Finck and Quarrel claimed to have seen. Their 
ability to determine lattice constants of one or two mono- 
layers is open to question. 

A slightly different type of pseudomorphism has been 
observed. Dr. Schulz of the Institute for the Study of 
Metals has been able to force substances normally crystal- 
lizing in the sodium chloride lattice to adopt the cesium 
chloride structure by choice of the substrate. Pauling in his 
“Nature of the Chemical Bond” indicates that there is only 
3.6 per cent difference in the lattice parameters of NaC! 
and CsCl modifications of a given crystal. Van Der 
Merwe’ discusses these ideas more fully. 

W. H. J. Vernon*: In their valuable paper the authors 
kindly refer to the electron diffraction work carried out by 
the late Dr. G. Shearer in conjunction with the oxidation 
experiments of Vernon, Akeroyd, and Stroud. Their bref 
comment, however, is likely to be somewhat misunder- 
stood since it makes no reference to the critical temper- 
ature (ca. 225°C) found in the course of these experiments. 
It was concluded that the film on the abraded zine surface 
was amorphous; but it was further stated (from the ex- 
amination of films covering a wide range of temperature: 
and times of oxidation) that: “‘on prolonged heating below, 
and very rapidly above, the critical temperature, the film 


‘Kaiser Aluminum & Chemical Corporation, Division 
of Metallurgical Research, Spokane, Wash. 

J. Yeartan anv F. R. Morrat, “Electron Diffrac- 
tion Study on Hot Galvanized Sheets,’ Metals and Alloys, 
12, 54 (1940). 

* Los Alamos Scientific Laboratory, Los Alamos, N. Mex. 

? Dise. Faraday Soc., on “Crystal Growth,” No. |, 20! 
(1949). 

* Chemical Research Laboratory (D.S.1.R.), Teddingtos, 
England. 
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owed the normal pattern of zine oxide, but at no stage 
sould the extra lines required for the pseudomorphiec film 
ve detected.” The reference in the present paper (“after 
yeating, the oxide film gave the pattern of normal zinc 
oxide”) should be read in the light of the words italicized 
above. 


ELECTROLYTIC REDUCTION OF ORGANIC 
COMPOUNDS AT CARBON CATHODES 


Sherlock Swann, Jr., C.-Y. Chen, and H. D. Kerfman 
(pp. 460-466) 


Harotp J. Reap*: I should like to inquire about two 
pints relating to the electrodes: 

(a) Will you provide additional details on the way in 
xhich the electrodes were manufactured, particularly with 
respect to binder materials and porosity? 

b) Was a new electrode used for each run and, if not, 
what precautions were taken to clean the electrodes be- 
tween runs? 

SHERLOCK SwANN, Jr.: I am going to ask Dr. Winslow 
to answer the first question (referring to the manufacture 
f carbon). 

(b) A new electrode was used for each run in the studies 
n the behavior of different types of cathodes. 

\. M. Winstow": (a) All types of agglomerated carbon 
we made from granular or powdered carbon and a liquid 
binder capable of conversion to carbon when heated at 
elevated temperature. Mixtures of suitable proportions of 
particles and binder are formed into desired shapes by 
vell-known processes such as extrusion er molding. The 
ormed shapes then are baked to convert the binder to 
arbon. In the finished product the particles are coated 
with, and held together by, carbon derived from the 
binder. While any of a large number of materials can be 
sed as binder, practically all commercially available 
arbons, including those varieties used by Dr. Swann, 
we made with coal tar pitch. 

The carbon obtained from all coal tar pitches is quite 
imilar in nature, and it would follow that the surface of all 
types of agglomerated carbon is similar except for the 
following consideration: the proportion of carbon particles 
and binder, and the yield of carbon from the binder, are 
such that if a piece of carbon is cut to desired shape, as in 
making the electrodes used by Dr. Swann, most of the 
external surface of such electrodes will consist of cross 
ections of particles. Particles differ markedly in nature, 
and it follows that the electrode surface on which electro- 
reaction takes place must differ greatly unless a large 
proportion of the internal surface, i.e., surface consisting 
of binder carbon, is effective. I believe that electrode re- 
tions seldom penetrate the electrode very far; however, 
‘seems likely that the depth of penetration of a reaction 
vhich involves diffusion of ions in solution must be de- 
termined by the number and size of pores, to which Dr. 
Read has made reference, and it is unfortunate that 
atbons have not been made to order for studies such as 
that presented by Dr. Swann. 

In answer to the question on porosity, I would like to 


"Division of Metallurgy, Pennsylvania State College, 
Mate College, Pa. 


“National Carbon Company, Cleveland, Ohio. 
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offer the opinion that this is one of the two fundamental 
properties of carbon which are pre-eminent in determining 
its electrochemical behavior. Porosities of all three of the 
carbons used by Dr. Swann almost always fall in the range 
of 20 per cent to 25 per cent, and diameters of practically 
all the pores in the range of one to 10 microns. It is very 
probable that, given a pore size permitting penetration of 
the electrode reaction to an appreciable depth, the dif- 
ference between 20 per cent and 25 per cent porosity 
might mean the shifting of a very significant proportion 
of the total reaction from the external face of the electrode, 
where the surface is characteristic of the particles, to the 
internal surface which probably is characteristic of the 
binder. It is even more probable that a tenfold variation 
in pore size might, on the one hand, permit quite extensive 
reaction within the pores, and, on the other, almost totally 
restrict reaction to the external surface. It is unfortunate 
that the state of our knowledge is such that the pore size 
and volume have never been correlated precisely with the 
results of an investigation such as that of Dr. Swann. 
Both volume and size of pores are properties which could 
be controllably made to order, within fairly wide latitude, 
to suit the requirements of an electrochemical application. 

The other fundamental property of carbon which I 
believe largely determines electrochemical behavior is 
crystallinity, i.e., size, perfection, and orientation of the 
carbon or graphite crystals. With metals it is quite gen- 
erally accepted, as a result of work by several investigators, 
including Dr. Swann and some of his coworkers, that it 
makes considerable difference in both ease and direction of 
reaction whether the reaction takes place on the sides or 
the ends of a crystal. The same conclusion seems justified 
for carbon, particularly since carbon is perhaps unique 
among conductors with respect to the very wide range of 
erystal sizes in which it occurs. 

The graphite, coke, and lampblack electrodes of Dr. 
Swann’s paper, thus designated in recognition of the type 
of particles used in manufacture, represent recognized 
levels of crystal size. In the graphite, the crystals have 
dimensions of the order of many thousands of Angstroms 
up to perhaps several microns. (In high quality artificial 
graphite or natural graphite, crystal size may be many 
microns or even millimeters.) In the coke, the crystals are 
intermediate in size, of the order of a few thousand 
Angstroms. The lampblack is microcrystalline, crystal 
size ranging from about one hundred up to perhaps several 
hundred Angstroms. 

In addition to any direct bearing crystal size may have 
on electrode reaction, it probably is of indirect importance 
in two ways: first, because large crystals of graphite are 
leaf- or needle-shaped, they are oriented in the processes 
used in forming. Thus, for electrochemical applications, the 
use of graphite increases the probability that all of the 
surface of an electrode consists of crystal faces, or sides, 
depending on how the electrode is cut from the original 
piece of agglomerated carbon. Second, crystal perfection 
quite generally decreases with crystal size. Hence if points 
of disorder in the crystals are an influence in directing or 
promoting an electrode reaction, the probability of having 
such disorder would be greater with lampblack than with 
graphite. 
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To sum up what has turned out to be a very long and 
involved answer to a very short question, I would say 
that the three forms of carbon used by Dr. Swann can be 
briefly characterized as follows: porosity of all three 
probably lies in the range of 20 per cent to 25 per cent, 
and characteristic pore size in the range of one to 10 
microns, these properties being not more precisely known. 
The three forms differ primarily, and in a fairly well- 
known way, in the crystalline characteristics of the par- 
ticles used in manufacture. Such characteristics vary from 
the large, fairly well oriented and reasonably perfect 
crystals of macrocrystalline graphite, through the inter- 
mediate coke type, to the small, unoriented and imperfect 
erystals of lampblack. 


EFFECT OF CORROSION AND GROWTH ON 
THE LIFE OF POSITIVE GRIDS IN THE 
LEAD-ACID CELL 


J. J. Lander (pp. 467-473) 


L. H. CaLLtenpar": Having been connected for some 20 
years with the battery industry on the technical side, I 
found this paper very interesting, and there are one or two 
points I should like to take up. 

(1) It is stated on page 473, second paragraph, that 
failure in the particular cells investigated corresponds to 
about | per cent of growth. This is an extraordinarily low 
amount of growth to produce grid failure. We find in 
standard batteries, of somewhat heavier construction, 
probably, than the particular American Navy portable 
battery, that the plates may hold together and give 
satisfactory capacity up to 5 per cent growth either 
horizontally or vertically or both, though this, of course, 
depends on the design of the grid. 

(2) On the same page it is stated that grid structure with 
frames heavier than crossed members delays the start of 
growth. This is probably the case, but what is much more 
important in practice is that provided the frame is stronger 
than the inner members, it will not be broken by them. 
But in some ‘drawing board’ design of grids which have 
been put on the market, both the frame and the major 
internal members are of approximately the same cross 
section and strength. The result of this is that, under 
growth, the frame is -broken, the: plate disintegrates, and 
capacity collapses rapidly. 

I am doubtful, however, whether the strength of the 
grid frame or otherwise affects the growth as such. What 
happens with a strong grid frame is that the inner mem- 
bers, since they cannot push outward, tend to bend up- 
ward or downward, this as a rule doing no harm to the 
capacity of the battery. 

(3) Page 472, bottom. With the growth and distortion 
of the plate, the protective oxide film cracks or opens out 
at bends, thus giving opportunity for further and deeper 
penetration of the metal by corrosion. There is a curious 
effect also noticed that although at least 50 per cent of 
metal may remain below the corrosion film, the metal 
itself becomes brittle. I am not sure what the explanation 
of this is, but it may be due to gaseous absorption, as is 
commonly known with hydrogen in steel. 


“ Young Accumulator Company, Ltd., Newport, Mon- 
mouth, England. 


(4) Page 473, third paragraph. It is certainly ‘rue th 
the start of growth, which seems to be determine: by thd 
relative amount of peroxide and metal left in th: thinne 
members of the grid, disturbs the contact between th 
grid and the active material, and makes the latter mo, 
easily carried out of the plate by gassing. 


ELECTRICAL CONDUCTIVITY OF MOLTEN 
CRYOLITE AND POTASSIUM, SODIUM, 
AND LITHIUM CHLORIDES 
Junius D. Edwards, Cyril S. Taylor, Allen S. Russel 
and L,. Frank Maranville (pp. 527-535) 


Ricwarp B. Exxis": (1) How was eryolite cleaned 
the cell? (2) How much clearance was there between thy 
outer electrode and the container? 

ALLEN 8. Russeww: (1) Cryolite was cleaned from tly 
cell by sodium carbonate fusion. 

(2) The clearance between the outer electrode and tly 
container was about | cm. 

E. M. Wise": (1) What was the range of frequenci 
used? 

(2) Could lower frequencies be used at a low (.))? 

(3) Have inductive methods been considered? 

ALLEN 8S. Russevi: The first question has been « 
swered in the published version of the paper, which « 
peared in the December 1952 JourNat. 

(2) The lower limit of frequency could not be extended 
appreciably with our bridge by the use of lower current 
density alone. 

(3) Inductive methods have been considered for measu 
ing the electrical conductivity of reactive fused salts 
However, these require an inert insulating container an¢ 
no such material has yet been found for cryolite. 

A. Fieiscuer™: The purity of eryolite should be mer 
tioned. The low values reported by Arndt and Kalas 
apply to a eryolite having a high silica content according 
to the figures given in their paper. 

ALLEN 8S. Russeu_: This information has been giv 
in the published version of the paper, which appeared 
the December 1952 JourNAL. 

Morris Feinuets'*: The reason for using platinize 
platinum electrodes in conductivity cells for aqueou 
media is that these electrodes are nearly reversible wit 
respect to the main electrode reactions, i.e., the oxidati 
of hydrogen and reduction of hydrogen ions on one han 
and the oxidation of hydroxyls or reduction of oxygen ' 
the other hand. In cryolite or other fused electrolytes, ths 
situation no longer exists: the electrode reactions dunn 
the anodic and cathodic cycle of the applied AC are not t 
same, i.e., there is irreversibility, and therefore polariz 
tion. Such a polarization (activation polarization) may 1" 
be removable even by the use of a high-frequency A‘ 
The error due to this polarization is especially serious ! 
a low-constant cell. However, practical considerations “! 
limit the choice of possible electrode materials. Thus, {r0! 


‘2 Southern Research Institute, Birmingham, Ala. 

‘8 The International Nickel Company, Inc., New \o™ 

“ Box 349, Easthampton, Mass. 

Kaiser Aluminum & Chemical Corporation, 
of Metallurgical Research, Spokane, Wash. 
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reversibility standpoint, molten aluminum electrodes 
sight be ideal in eryolite, if a practical cell could be 
iit with such electrodes, Here, again, it is seen that we 
ye to build our cells and equipment around the available 
yterials of construction, rather than the other way 
ound. 
F. The author described difficulty because of 
Jowly changing composition of fused eryolite through loss 
(uorine content. Our experience with fluorides at high 
wmperatures shows that they are sensitive to water vapor 
the contacting atmosphere, so that hydrolysis occurs 
»{ fuorine is lost as hydrogen fluoride. Perhaps, then, the 
mposition change could be avoided by surrounding the 
aduetance cell with a dry and inert atmosphere such as 
fully dried nitrogen. The eryolite charge should also 
» dried before it is melted. 


THE NATURE OF THE FILMS FORMED BY 
PASSIVATION OF TRON WITH SOLUTIONS 
OF SODIUM PHOSPHATE 


u. J. Pryor, M. Cohen, and F. Brown (pp. 542-545) 


H. J. Wrtent'’: What electrochemical method was used 

letermining the thickness of the phosphate film? 

How did it vary with pH? 

We are interested in this for studies of corrosion- 
wistant film forming. 

\l. Conen: The oxide film on the iron was reduced 
ectrochemically by cathodic reduction. The weight of 
eiron in the film, which was dissolved by this cathodic 
luction, was determined calorimetrically. The thickness 
i calculated assuming a density of iron oxide of ap- 
ximately 5. The conditions for cathodic reduction and a 
thod for determining film thicknesses amperometrically 
ve been outlined by Miley and Evans!’ and Pryor and 


PRIMARY CURRENT DISTRIBUTION AROUND 
CAPILLARY TIPS USED IN THE MEASURE- 
MENT OF ELECTROLYTIC POLARIZATION 


Sidney Barnartt (pp. 549-553) 


Roperto PionTeELLI AND Giuseppe In his 
wer published in this Journau”' 8. Barnartt applies the 
ethod of Piontelli and Bianchi (the mapping of equipo- 
tential surfaces)” for the study of the problem of polariza- 
ton measurements by means of the Luggin-Haber 
wpillary. Barnartt says: “Piontelli and Bianchi have ob- 
tuned such maps but used an incorrect model.”’ Barnartt 
‘ evidently no opportunity of considering our sub- 


‘Pennsylvania Salt Manufacturing Company, Phila- 
lelphia, Pa. 

Socony-Vacuum Oil Company, New York, N. Y. 

‘H. A. Miney ann U. R. Evans, J. Chem. Soc., 1937, 
45. 

‘M. J. Pryor anno U. R. Evans, J. Chem. Soc., 1950, 
250, 1266. 
"Laboratorio di Elettrochimica, Politeenico di Milano, 
Milan, Italy. 

*S. Barnartr, J. Electrochem. Soc., 99, 549 (1952). 


ER, PIONTELLIE AND G. BraNncut, Gazz. chim. ital., 80, 
(1950 
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sequent papers on this subject®*. *. 2°. In these papers also 
the obvious advisability of working with true ‘geometric 
models” was observed, although the results so obtained 
are not essentially different from those obtained with the 
simple apparatus originally employed, with the main pur- 
pose of giving evidence on the disputed nature of the 
errors involved in the measurements of polarization volt- 
ages. The hope of attaining any quantitative solution of 
the whole problem in this way is in fact rather illusory. 
Let us note incidentally that, according to our experience, 
an apparatus such as that designed by Barnartt involes in 
particular an error due to the formation of a “meniscus” 
at the liquid surface. At the beginning of our work we also 
employed alternating currents”*, but finally we found the 
continuous current method preferable (lead anodes in lead 
sulfamate baths, a type of system characterized by very 
low polarization). This led to greater simplicity, to elimin- 
ation of interference by parasitic capacities, and to a more 
direct comparison of the primary current distribution with 
the distribution established in conditions where the effects 
of polarization not only are not negligible but where they 
are the main object of study. 

On the whole Barnartt’s results provide another good 
confirmation of those results of our own which concern 
the “primary current distribution,” and of the later 
results of Meunier®’. The nature of this primary distribu- 
tion was, however, rather obvious, and one could also 
predict it on the basis of well-known graphical methods 
for mapping electromagnetic fields, methods which we 
found satisfactory for a general control of our results. 

The principal points of the problem of the methods for 
measuring polarization voltages are the following: 

(a) Is it possible, and, in the affirmative in what prac- 
tical conditions, to correct the results of the measurements 
obtainable by means of a Luggin-Haber capillary, in such 
a manner as to eliminate the ohmic drop contribution 
and any other source of systematic error? 

(b) Can we attempt to eliminate this ohmic drop by 
pressing the capillary against the electrode surface? 

(c) What is, on the whole, the best arrangement for 
polarization measurements? 

As far as question (a) is concerned, in the case of the 
capillary placed through the back of the perforated elec- 


PIONTELLI AND G. Brancut, “Proceedings of 2nd 
Meeting of the International Committee of Electrochem- 
ical Thermodynamics and Kinetics’? (CITCE), p. 379, 
Milan, 1950. Milan, Tamburini, 1951; R. Pronreuu, G. 
Brancul, AND R. Averti, Z. Elektrochem., 56, 86 (1952). 

*R. “Proceedings of 4th Meeting of 
CITCE,”’ London-Cambridge, 1952, in print; R. Pron- 
TELLI, G. Brancut, C. Guerci, aND L. Rivowuta, ibid., in 
print; R. Pronre ui, Rend. ist. lombardo sci., in print. 

R. Averti, U. Bertocer, G. Brancut, C. Guerci, R. 
PIonTELLI, G. Pott, AND G. SERRAVALLE, ‘Proceedings 
of 3rd Meeting of CITCE,”’ p. 30, Bern, 1951. Milan, Man- 
fredi, 1952. Also ‘“‘Proceedings of 4th Meeting of CITCE,”’ 
London-Cambridge, 1952, in print. 

2° R. Pronretut aNp G. Brancui, Gazz. chim. ital., 79, 
646, 863, 867 (1949). 

27 MeuNIeR AND P. GerMalIN, ‘Proceedings of 3rd 
Meeting of CITCE,”’ p. 263, Bern, 1951. Milan, Manfredi, 
1952. 
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trode, the possibility exists for a reasonable evaluation 
of the error involved™. This is one of the advantages of 
this arrangement. Let us note incidentally that the ex- 
planation given by Barnartt of this error is based on 
oversimplifying the problem (see™*). In the case of a 
“frontal” capillary, the possibility of correcting for the 
ohmic drop error depends in practice: (1) on the uni- 
formity of the solution layer between capillary tip and 
electrode surface; (2) on the degree of disturbance in the 
current distribution introduced by the presence of the 
capillary. 

If the capillary is distant enough from the electrode 
surface (as a security limit we suggest d > 3 capillary 
diameters; in practice d > 1 diameter may suffice), there 
is no disturbance of the current on the electrode surface. 
To the approximation of the implicit hypothesis of uni- 
formity of the interposed solution* and if the distance of 
the capillary is exactly known, one may calculate the 
ohmic drop included in the measurements. It is, however, 
necessary to take account of the fact that current lines 
utilize in part also the solution at the entrance into the 
capillary. The potential surfaces are thus distortedt. The 
knowledge of the primary current distribution gives no 
definite answer to question (6), because the final current 
distribution, in the conditions of measurements, depends 
on the “throwing power” of the system in these conditions 
and thus depends also on the electrode “polarizability,” 
which we try to eliminate in determining the primary 
distribution. On the other hand this polarizability must 
again be largely responsible for the eventual divergence 
between the measured polarization and that which would 
be measurable in the absence of shielding. The method of 
models, when applied in conditions for which the polariza- 
tion phenomena cannot be neglected, is unable to give a 


*To demonstrate that this hypothesis is by no means gen- 
erally accepted, it is sufficient to remember the interpreta- 
tion recently given by Bockris and Azzam® of their results 
concerning the dependence of the measured hydrogen over- 
voltages on the capillary distance. According to these au- 
thors, the change of this dependence law, when the distance 
is below a critical value, is due to the fact that the greater 
part of the ohmic drop is localized in the Prandtl] layer at 
the electrode surface. Although this hypothesis is unable 
to explain the similar results one obtains in the case of 
metal polarizations (explained on the contrary by the con- 
sideration of the shielding effect) one cannot exclude, and 
in many conditions one must admit, the lack of uniformity 
of the solution layers at the electrodes. 

t The possibility of taking account of this circumstance 
is discussed in footnote™*. When the capillary is near the 
electrode surface one may foresee a certain disturbance of 
the distribution of current on this surface, but it should 
be difficult to foresee, on the basis of the primary distri- 
bution, the effective distribution in the various particular 
cases. 

* J. O’M. Bockxris anp A. M. Azzam, Trans. Faraday 
Soc., 48, 145 (1952). 
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quantitative answer to our problems. In fact a ‘yeomets, 
model” is then no more a “true model’™. 2%. *. Howeve 
the qualitative evidence given by the experiinents Z 
models*~**, the semiquantitative evidence attainable ) 
successive approximations, and, moreover, a large Serie 
of results obtained with true polarization cells*® are clea 
supporting the opinion of the intervention, often jp , 
decisive manner, of a true “shielding effect” in the polgy. 
zation measurements when the capillary tip is near th 
electrode surface. 

The results obtained with the capillary pressed againg 
the electrode surface, or very near to it, may be affectay 
by very large errors due to the “shielding effect,” thos 
errors being by defect for the absolute values of th 
polarization voltages. 

To question (b) the answer must, therefore, necessarily 
be negative. 

As far as question (c) is concerned, the method ¢ 
mapping equipotential surfaces on models, in spite of it 
intrinsic limits (especially for the quantitative aspects d 
the problems), has led us to the realization of the entirely 
new arrangement” ~** used for the last two years in this 
laboratory, and which, in our opinion, constitutes a great 
improvement, in spite of some complications of construe. 
tion in comparison with the previous ones. Our ney 
capillary, cylindrical in shape, with its terminal cms 
section closed by a very thin glass membrane, gives 4 
full shielding of the covered surface, without any dis 
turbance of the surrounding electrode surface. A bor 
in the shape of a circular corona, establishes the contac 
between the internal solution of the capillary and th 
solution layer immediately near, i.e., at 19 to 40u from the 
electrode surface. In this manner a very low ohmic dro 
is included, while no shielding effect intervenes. At least 
in the absence of obstructive layers on the electroé 
surfaces, the “‘direct method” of measurement of electro 
polarizations has thus attained a very satisfactory form 
of realization. Another new satisfactory arrangement ' 
cently has been realized in this laboratory, and we shal 
give information on it in the near future. 

H. J. Wricur”: What observations have been maée 
of this in the study of cathodically protected systems? 

Sipney Barnartr: The answers to the question 
none. 
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* We consider here as a ‘‘true model’’ any one corre 
sponding to the requirement that choosing suitably «! 
ferent units for measuring, in the real system and in ‘lt 
model, some quantities of the same class of physical ¢ 
mensions, the figures expressive of the correspondiif 
properties in the two systems may be made to coincit! 
and therefore the unknown properties of the real syste! 
may be evaluated from measurements effected on the mod! 

2” J. N. AGaR ANp T. P. Hoar, Disc. Faraday Soc., Xo. 
158 (1948). 


* Socony-Vacuum Oil Company, New York, N. Y. 
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